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Abstract 
 
Chairperson: Dr. Ashley McKeown 
 
Changes in bone morphology have always been a concern of physical anthropologists 
who are trying to explain a culture's everyday activity. These types of changes, including 
arthritic and musculoskeletal, are based on subjective observation of the researcher and 
therefore subject to observer error. I used three samples; the Indian Knoll sample, the 
Nutwood and Rosedale Mound sample, and a control sample from the Terry collection I 
was able to employ a scoring method based on Hawkey (1988). This current research 
uses the scoring method for arthritic changes in women to test for changes in patterns of 
distribution and/or severity when the women transitioned from hunting and gathering to 
agriculture. This scoring method provides quantifiable data to use for statistical analysis. 
The observations and scoring method highlight patterns in osteoarthritis which may be 
interpretable between and within samples. This research found that no single feature of 
osteoarthritis is significant on its own but looking at several joints and the emerging 
patterns we can infer stress level changes and possibly narrow these changes down to the 
types of subsistence activities the individuals participated in. Understanding the change in 
women before and after the transition to agriculture allows archaeologists to construct a 
better picture of the daily activity and labor divisions based on age and sex for the 
population.  
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1 
CHAPTER 1 
INTRODUCTION 
 
One of the main questions physical anthropologists want to answer when trying to 
understand the lives of past populations is what activities these people have participated 
in on a daily basis. To answer this, physical anthropologists and bioarchaeologists look at 
stress markers on the human remains (Hawkey, 1988; Hawkey & Merbs, 1995; Capasso 
et al., 1999; Nagy, 2000; Molnar, 2005; Ruff, 2005). These markers are usually created 
by muscle attachments and have a strong correlation with the amount of activity a person 
is involved in throughout their life. 
Features not commonly looked at are those associated with degenerative changes 
in joint surfaces due to repetitive activity and stress. Specifically, osteoarthritis (OA) is 
usually recorded but not considered significant because of its high correlation with age. 
Osteoarthritis is the degeneration of bone due to over use and/or trauma (Jurmain, 1977; 
Bridges, 1992) (Figure 1). Osteoarthritis occurs in joint surfaces and can be seen as 
porosity, lipping, the presence of osteophytes, and eburnation (Jurmain, 1977; Bridges, 
1992; Nagy, 2000) (Figure 2). It increases with the use of a joint and therefore it must be 
noted that older individuals are expected to have more osteoarthritis than younger 
individuals.  
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Figure 1. Example of a normal joint and a joint afflicted with osteoarthritis 
(http://www.medicinenet.com/osteoarthritis/article.htm). 
 
Figure 2. Process of osteoarthritis (www.faqs.org/health/images/uchr_02_img0192.jpg). 
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Physical anthropologists feel that osteoarthritis reflects general activity levels and 
the natural degeneration of bone but that it cannot be associated with any specific action. 
In order to investigate whether a correlation exists between specific activities that affect 
the upper body and frequency of osteoarthritis, this research will employ a scoring 
method on certain joints and record patterns of osteoarthritis for males and females from 
all three samples.   
 
Observed Joints and Associated Movements/Activities 
 
Some activities that males in a hunting and gathering society participated in that 
may have introduced osteoarthritis earlier than expected are the use of an atlatl and 
kayaking (Jurmain, 1977; Larsen, 1995). The atlatl is a throwing device that involves the 
flexion and extension of the elbow with the shoulder abducted anteriorly and it is usually 
seen unilaterally (Capasso, 1999) (Figure 3).  
 
 
 
 
 
 
Figure 3. Atlatl stance where the dominant hand would be propelling the dart with the 
extension at the elbow (www.kshs.org/teachers/trunks/graphics/atlatl.jpg). 
 
The bow and arrow were not introduced until AD 500 (Buikstra et.al, 1986) 
during the Late Woodland occupation. The joints used with a bow and arrow are the right 
and left shoulder and elbow. Given that the dominant hand is usually the right, it would 
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draw the bow and arrow back toward the cheek with the elbow flexed and lateral to the 
body and the left hand would steady the bow with the elbow extended fully out in front of 
the body (Figure 4). The left elbow would experience great stress due to the compressive 
force of holding the bow steady and perpendicular to the body, especially if the 
individuals locked their elbow in the extended position. The right and left shoulder joints 
would also take some pressure from the bow and would show degenerative changes on 
the outer ridge especially the anterior portion of the glenoid fossa. The right elbow would 
show increased osteoarthritis due to the pulling motion and stabilization of the elbow in 
the flexed position and can be seen in the olecranon fossa (Capasso et.al, 1999).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Bow and arrow stance with right arm extended holding the bow and left arm 
flexed at the elbow drawing the bow back toward the body 
(http://www.dkimages.com/discover/Home/History/NorthAmerica/Native-
Americans/Indians/Weapons/Weapons-1.html).  
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The knee joint in both men and women from a hunting and gathering society 
would have similar patterns of osteoarthritis but the amount and severity would depend 
on the weight of the loads that were carried and the amount of walking/running the 
individual participated in. Normal wear occurs on the condyle surface of the tibia due to 
the bipedal gait of humans, but Nagy (2000) states that microtrauma due to compressive 
force can lead to an early onset of osteoarthritis. This compressive force could be caused 
by a repetitive fall from a high distance; excessive running on hard surfaces, and/or 
carrying heavy loads of on the shoulders would distribute the weight down through the 
body affecting all joints.   
The women of a hunting and gathering society participated in gathering food and 
some food production such as scraping hides. Women would have walked to gather 
berries, nuts, and water while carrying loads on their shoulders or under their arms. These 
activities would have affected all joints including the shoulder, elbow, and knee but 
microtrauma and overuse would have been rare and the pattern of osteoarthritis would 
have been spread evenly over the entire skeleton. One activity that women participated in 
is the scraping of hides. “Scraper’s elbow” is caused by the flexing and extending of the 
elbow with pressure pulling toward the body and pushing away from the body (Capasso, 
1999). Another feature that may be indicative of females in a hunting and gathering 
society is the presence of a supraglenoid articular facet that is caused by repetitive 
rotating of the arm over the head (i.e. to pick fruit) (Capasso, 1999).  
Males of an agricultural society still participated in hunting, but on a seasonal 
basis and did not travel as far. The men also helped with the planting and harvesting of 
crops and fishing in the river systems that surrounded the sites. In the more sedentary 
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agriculture society men participated in activities such as sports which had an impact on 
their skeletal structure, but in general the skeleton became more gracile (Ruff, 2005). The 
joints of males would be affected by osteoarthritis in a more evenly distributed pattern.  
Females of a horticultural/agricultural society would have participated in food 
production including harvesting maize and other crops, and preparation of the food. 
Capasso (1999) states that scraper’s elbow is also found in Woodland sites where women 
used digging sticks and carried heavy loads. This may also be caused by the grinding of 
maize or other crops with a mano and matate where the female puts pressure down and 
away from the body (Figure 5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Pima female grinding corn 
(http://artswork.asu.edu/arts/students/comdrama/vocab.htm).  
 
 
Goals and Expectations 
 
The one non-arthritic feature in this research is the scapular supraglenoid facet 
that was scored as either absent (0) or present (1). In this research a scoring method based 
on D.E. Hawkey’s (1988) original scoring method was modified. Hawkey’s method 
 
7 
scored the musculoskeletal markers as 0 (no expression), 1 (faint robusticity in muscle 
attachment), 2 (moderate robusticity in muscle attachment), 3 (strong robusticity in 
muscle attachments), 4 (faint groove), 5 (moderate groove), and 6 (strong groove). For 
this research the scoring system of not present (0), slight (1), moderate (2), and severe (3) 
will be applied to the osteoarthritis of the scapular glenoid fossa, humeral olecranon 
fossa, lipping of the humeral trochlea, and the superior tibial condyles.  
The goal of this research is to employ a scoring method on certain osteoarthritis 
features in order to create quantifiable variables for statistical purposes and to standardize 
methodology. Using this scoring method I hope to detect arthritic changes in women that 
may have occurred when their societies transitioned from hunting and gathering to a 
maize agriculture. If women were gathering nuts, berries, and processing seasonal meats 
osteoarthritis should be spread evenly over the joints. Whereas women who spent large 
amounts of time processing maize should have arthritis in the joints that get the most use: 
the elbow and the shoulder.  
The expectation is to find that a higher number of women have severe 
osteoarthritis of the elbow in the Nutwood and Rosedale Mound cultures because of the 
amount of activity and stress involved in maize production when compared with the 
women of the Indian Knoll hunting and gathering society. Women of the Nutwood and 
Rosedale Mound samples should have more severe arthritis in the elbow and shoulder 
when compared with the men and the arthritis should be more prevalent in the shoulder 
and elbow than that of the knee. This means that we should see a higher correlation 
between features and sites, features and women, and features and age.  
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Samples and Subsistence 
 
 In order to test the hypothesis that occupational stress increased for women when 
their food production activities changed (i.e. gathering to maize agriculture) the current 
research looks at skeletal samples representing each subsistence strategy and a third 
sample from a modern collection as a control sample. 
 The Indian Knoll site dates from 6100 bp to 4508 bp and is considered an archaic 
site based on a hunting and gathering subsistence where men hunted game and women 
gathered nuts, berries, and seasonal fruits (Rothschild, 1979; Nagy, 2000). The original 
excavation by C.B. Moore in 1915 yielded a total of 298 burials. Sixty-six of these 
burials are currently housed at the Smithsonian Institution and were used in this research.  
A Works Progress Administration crew excavated 880 more burials in 1939 and they are 
housed at the University of Kentucky. Indian Knoll was likely a seasonal camp for a 
society that was very mobile and subsisted on hunting and fishing (Nagy, 2000).   
Nutwood and Rosedale Mounds are located in Jersey County, Illinois and were 
part of a series of Mounds in the Illinois River valley from the Late Woodland period. 
The Late Woodland period dates from AD 250 to AD 1000 and is characterized by 
subsistence on crops such as maize, beans, and squash (Nagy, 2000). The individuals 
from this site participated in hunting and fishing on a seasonal basis, but never to the 
extent of Indian Knoll. Also, the individuals from the Nutwood and Rosedale Mounds 
lived in permanent settlements sustained by their agricultural crops. This more sedentary 
lifestyle allowed for the population to grow and would have put a stress on food 
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production. Women would have had to produce food along with the items used in food 
preparation such as pottery.  
The Terry collection is a modern sample from autopsy victims from the early 
1900’s. The individuals are of Caucasian descent, represent age groups 2 (21-40), 3 (41-
60), and 4 (61+), are both males and females. The activities the individuals participated in 
during life were those of an industrialized society such as farming, factory work, and 
domestic trades. Specific activities could be picking cotton, hoeing fields, carrying heavy 
loads, mechanical work using mostly hands and small joints such as the wrists. Most 
activities participated in by the Terry individuals were not for subsistence; instead they 
were occupational and economic (Hunt and Albanese, 2004).  
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CHAPTER 2 
LITERATURE REVIEW 
 
Activity Induced Skeletal Changes 
 
For my research it is important to know that activity can affect skeletal 
morphology. Previous research has focused on muscle attachments (Hawkey, 1988; 
Bridges, 1989, 1991; Hawkey and Merbs, 1995; Palfi and Dutour, 1996; Stirland, 2000; 
Nagy, 2000), bone dimensions such as diaphyseal shape (Bridges, 1989; Ruff, 2000, 
2005), and other biological affects (Sullivan, 1990). Very little has been done concerning 
the presence of osteoarthritis and its ability to suggest a specific activity (Jurmain, 1977; 
Bridges, 1991; Nagy, 2000) but the goal of my research is to see whether osteoarthritis 
markers can show changes in activity.  
Jurmain (1977) studied the causes of osteoarthritis in Pecos Pueblo, Eskimos, and 
the Terry collection samples. He found that age, sex, heredity, hormones, nutrition, and 
mechanical stress can increase the prevalence and severity of osteoarthritis in certain 
populations. Certain joints were affected differently between populations which indicates 
that population specific activities can cause different frequencies of osteoarthritis 
between and within populations. For the knee joint the author found that Eskimos were 
affected most in terms of severity and they were affected earlier in life.  
Jurmain found that the greatest sex related contrast is between black females and 
males from the Terry collection. The hip joint has a higher incidence than the knee which 
is also supported by Capasso et.al (1999). Jurmain found that hormones may be the cause 
of early onset osteoarthritis in females for the shoulder and elbow joints. As for 
occupational and activity related stress, Jurmain states that Black females from the Terry 
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show more osteoarthritis in the shoulder due to domestic occupations such as cleaning. 
Females from Pecos use the elbow more than males which may e due to hormonal 
differences or occupational differences.  
 In previous research, Hawkey’s (1988) master’s thesis used muscle insertion sites 
along with a scoring method to highlight differences between two populations: the Thule, 
an Eskimo marine based peoples, and the Grand Quivira Indians, southwest 
horticulturists. She hypothesizes that the difference in enthesopathy location and severity 
is due to different activities based on subsistence.  Hawkey observed 20 different 
insertion sites, two origin sites, and three ligament attachment sites on the clavicle. The 
scoring scale ranged from 0-6 with 0 as no expression, 1-3 for robusticity of a muscle 
attachment site (faint, moderate, strong) and 4-6 for a groove site (faint, moderate, and 
strong). The author notes that ossification of enthesopathies was recorded separately 
because they are due to sudden trauma and they do not show continual use. This is 
interesting because the presence of ossifications and osteophytes is a sign of overuse 
when looking at bone to bone interaction sites (Ubelaker, 2004). Hawkey used simple 
mean data trends, inter and intra site comparisons, and sex comparisons to examine her 
data. 
Hawkey found that the age of the individual and the severity of the marker were 
significantly correlated in both the males and females of the Grand Quivira sample, but 
there was a plateau of severity at a young age for the males of the Thule sample. When 
comparing left or right dominance for muscle attachment sites, Hawkey found that the 
percentage of right handed individuals was similar to modern day populations. These 
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findings are expected by the author at the beginning of her research and are seen in this 
current research.  
For the Thule sample the significance scores and correlations of the activities and 
their associated markers show a sexual division of labor where males were putting more 
stress on their upper body including forearms and shoulders than females were. There has 
been a suggested subsistence change for the Thule during the transition from prehistoric 
to historic, but when the prehistoric and historic samples were compared no significance 
was found. 
The Grand Quivira sample showed sex related contrasts based on muscle 
markings that support the scenario of females grinding corn and preparing food while 
men were participating in general horticulture activities (Hawkey, 1988). For the Grand 
Quivira males the transition from prehistoric to historic meant an increase in carrying 
heavy loads and excessive weaving.  
The importance of Hawkey’s research is found in the inter-group comparisons 
and the creation and use of a scoring scale. The scoring method in her research was used 
as a guideline for my research along with the assumption that skeletal markers (in 
Hawkey’s case musculoskeletal markers) can indicate specific activities that can be 
associated with subsistence patterns. Hawkey’s findings for the inter-group comparison 
shows that there is a difference between the Thule and Grand Quivira when it comes to 
the severity of the markers where the Thule have a larger range of severity and the Grand 
Quivira are mostly in the faint to moderate range. This is important for the current 
research because it gives support to the idea that certain markers can imply subsistence 
patterns.  
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Hawkey and Merbs (1995) focused on tracking the musculoskeletal markers 
(MSM’s) that occur during different subsistence activities. The authors assume that the 
marker’s degree of development is dependent on the amount of use and stress that is 
placed on the muscle or muscle group. For their research the authors used two phases of 
the Thule culture (both Early and Late) from two different sites to trace different 
activities including kayaking, harpooning, and the use of the bow and arrow which 
included only upper extremity muscles and associated bones. The change in subsistence, 
according to the authors, was due to a climate shift from warmer temperatures to a little 
ice age which changed the subsistence from whale to seal hunting.  
Hawkey and Merbs also looked at divisions of labor by sex between and within 
the two sites and found that females used muscles associated with processing meats, 
skins, and rowing an umiak while men used muscles associated with a kayak, using a 
composite bow, and harpooning. They also found that even though there was a sexual 
division of labor, age was not a factor because individuals of all ages had continuous 
stress and microtrauma to certain areas. Contradictory to the archaeological record the 
authors found skeletal evidence for kayaks but little skeletal evidence for whale hunting. 
The lack of skeletal evidence for harpooning may be due to the change in harpooning 
methods over the years that may have affected different muscles in different ways. In 
conclusion, the authors found that those societies that preconditioned their young for such 
vigorous activities showed less stress and microtrauma to the skeleton.  
Hawkey and Merbs (1995) give extensive evidence for a change in subsistence 
having an impact on the biology of a population in particular the stress associated with 
the skeleton. The assumption the authors make that MSM’s increase according to the 
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amount of use is applied to my research specifically the osteoarthritis of certain joints. 
Even though the activities of the Thule people were different, the methodology used in 
Hawkey and Merbs (1995) research is the same for the Indian Knoll and Nutwood and 
Rosedale Mound populations.  
Palfi and Dutour (1996) look at activity induced skeletal markers in samples from 
Hungary, France, and a control sample from the Gallo-Roman group. The authors look at 
three different types of markers: 1, osseous markers, 2, articular markers, and 3, 
periarticular markers. Their results show that there was a high frequency of Hungarian 
males with trauma to the lower legs, probably due to accidents that resulted in osseous 
markers. The periarticular markers are those that occur on the periostium (i.e. the 
diaphysis of long bones) mostly due to muscle insertions and origins. This data does 
point the authors to a specific activity, horseback riding, due to the changes to the 
proximal femur, femoral head, acetabulum, and the pelvic iliac. The articular markers are 
those that involve joints such as the wrist, ankle, and elbow. The authors observe both 
primary and secondary degenerative joint disease (DJD) and osteoarthritis (OA) where 
primary refers to degenerative joint disease or osteoarthritis that does not have a specific 
cause other than age and secondary refers to degenerative joint disease or osteoarthritis 
caused by trauma or disease.  
The authors found bilateral degenerative joint disease in the wrist of males from 
the Hungarian sample. The degenerative joint disease of the wrist along with the 
morphological changes to the proximal femur and pelvis lead the authors to conclude that 
these men were rider-archers. The authors also found that women for the French sample 
probably participated more often in heavy labor activities than in any other sample. Palfi 
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and Dutour (1996) note the most reliable markers are secondary osteoarthritis or 
degenerative joint disease and mechanical enthesopathies. They also state that the 
localization of osteoarthritis or degenerative joint disease can be related to an activity.  
Molnar (2005) focuses on the assessment of different levels of activity from 
musculoskeletal markers scores. In particular, Molnar looks at archery, harpooning, and 
kayaking in the Ajvide population located on an island in the Baltic Sea. The specific 
muscles looked at by the author for archery are the supraspinatus, infraspinatus, 
deltoideus, and triceps brachii; the muscles involved in harpooning are the deltoideus, 
pectoralis major, infraspinatus, supraspinatus, teres minor, and subscapularis; and the 
muscles associated with kayaking are the latissimus dorsi, triceps, and deltoideus.  
The author found that there was no significant difference between male and 
female musculoskeletal marker scores, more females favor their right hand in activities, 
and in the younger age groups females tend to have a higher number of lower scores for 
features. In particular Molnar found that men have a significant correlation with the 
muscle scores for archery, which was expected. Neither sex showed any correlation with 
the muscles associated with harpooning, and women showed the strongest correlation 
with the kayaking muscles, which was not expected. In conclusion, the author found that 
there was a sexual division of labor within the population and men more than likely 
participated in archery and harpooning. 
Even though the correlations between the sexes and muscle groups were not 
strong, in some cases Molnar combined her findings with the archaeological record to 
produce a picture of probable daily activity patterns for the population. I use the word 
probable because, as mentioned above, there is always a possibility that other activities 
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could have caused the musculoskeletal markers or changes in bone. This is essential to 
keep in mind for any research involving archaeological remains and prehistoric remains. 
It is important that the author recognized that she did find age differences within the 
activities. For example, she notes that the older one became the less sexually dimorphic 
and more similar the musculoskeletal markers scores became. This was a huge 
consideration in my research because of the high correlation age has with osteoarthritis. 
The methodology used in Molnar’s research is the same as that used in my research. 
Specifically, Molnar used a scoring system based on Hawkey’s (1988) system of scores 0 
through 3 with 0 being not present and 3 being the most severe which the same scoring 
system used in my research. 
Sullivan (1990) looks at the biological impact of the Mississippian society on the 
Late Woodland society. The author observed human and archaeological remains from the 
Raisbeck and Nitschke Mounds, Karow site, Aztalan, and the western Great Lakes. 
Sullivan noted that according to Buikstra and Cook (1981) tuberculosis did not reach the 
area until about 1000AD towards the end and maybe even after the Late Woodland 
period. This means that the bone disease seen in the population was probably due to 
osteoarthritis and other factors, not tuberculosis. Sullivan used life tables to estimate 
fertility and mortality rates due to the new biological influences of the Mississippian 
people and found that the current population would have had to have high rates of 
fertility to maintain the population.  
Sullivan did look at the introduction of new a subsistence strategy to the biology 
of the population and found that the carious lesions in the dentition were at higher rates in 
the agriculture society, which is expected and due to intake of carbohydrates. He also 
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found a high rate of porotic hyperostosis in the Aztalan population due to high intake of 
maize which blocks iron from the system leading to an iron deficiency. In the end the 
author concluded that the populations from the Raisbeck and Nitschke Mounds may have 
incorporated maize into their diet but not to the same extent as other populations.  
The Raisbeck and Nitschke Mounds are similar to the Jersey County Mounds 
because they come from the same geographical area and temporal period. The Raisbeck 
and Nitschke Mounds represent the Late Woodland period. Sullivan supports the idea 
that the Woodland peoples were dependent of maize agriculture to some extent. It seems 
plausible that if a change in subsistence can affect the bone with new diseases than the 
change can also be seen in non-pathological conditions such as osteoarthritis. 
Stirland (2000) analyses both artifacts and human remains from the ship the Mary 
Rose and discerns the daily activities of the crew using the archaeological findings and 
historic records. In particular, she looks at the activity markers including musculoskeletal 
markers of the remains in order to narrow down the types of occupational activities each 
individual participated in. Stirland considered three main principles when conducting her 
research: 1. that age does affect certain changes, 2. that muscles work in groups so you 
have to take into consideration several muscles or muscle groups, and 3. the human 
skeleton is biologically asymmetrical so not all asymmetry is due to activity, some is 
genetic. The first activity Stirland found evidence of was that archery because of the high 
percentage (19%) of individuals with an unfused arcomion (os acromiale) and the 
presence of longbow artifacts. One of the main effects the bow had on the archer was in 
its draw weight which means how many pounds it takes to pull the bow back. Stirland 
found, using replicas and preserved bows from the wreckage, that the bows had a draw 
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weight of 100 to 172 pounds. She also found that the reason more left scapulas had the 
feature is because right handed archers were putting more stress on the left had holding 
the bow because of their stance into the bow as opposed to drawing the bow back.  
Other morphological changes found in high percentages are bone spurs for muscle 
attachments on the upper humerus, enthesopathies on the costoclavicular joint, muscle 
attachments on the upper femur, osteoarthritis on the articular surfaces of the vertebrae, 
ossified spinal ligaments, and Schmorl’s nodes. The features found on the vertebrae of 
the men were probably due to participating in activities such as the gun crew. The way 
activities were associated with certain features shows that more than one muscle or 
skeletal marker must be used for assessment and there is no absolute certainty about 
which activity a person was doing unless there is historical record.  
This brings up a good point, in the current research we know from artifacts and 
remains that the Nutwood and Rosedale Mound culture produced and consumed maize 
but what we do not know for sure is if it was just the women handling preperation or if 
there was an age limit to manual labor. So it is important to keep in mind the possibility 
of different activities creating the same bony features.  
Ruff (2005) wrote an article where he analyzed strength and morphological 
changes in humans over several million years. In particular Ruff looks at the strength of 
the femur by assessing the polar section (bending and torque) and the cortical area 
(compression). What Ruff found was that both bending/torsional and compression 
strength in the femur has declined since the presence of early Homo’s and has even 
increased in recent times which is due to an increased in technology and sedentism. Ruff 
also observes sexual dimorphism within bone morphology which pertains to my research. 
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Most importantly he notes that sexual dimorphism depends on the type of subsistence the 
population is practicing. Ruff states that males in hunting and gathering society will have 
more stress on the knee and hip because of long distance traveling and that hunting and 
gatherers have more sexual dimorphism when compared to agriculturists. This same idea 
goes for the upper limbs too when it come to marine populations versus inland 
populations. In agreement with Stirland (2000), Ruff mentions that there are many 
activities associated with the upper limb and that in marine populations water transport 
may not be the only cause of a specific feature.  
Ruff brings up some good ideas and reinforces some previously stated ones. What 
is unique about Ruff’s article is that he looks at both the outside and inside shapes of the 
bone to distinguish differences between samples. In my research I look at just the outside 
changes of the bone (osteoarthritis) to trace bone changes associated or caused by 
subsistence changes over time. What is most important to remember from Ruff’s article is 
that the more sedentary people become the more gracile the skeleton becomes.  
Bridges (1989) compared diaphyseal structure and long bone dimensions of the 
humerus, ulna, and femur from an archaic sample and a Mississippian sample. The 
samples Bridges used are from northwestern Alabama at a site called Pickwick Dam. 
Like Ruff (2005) and Stirland (2000), Bridges does note several factors, other than 
activity, that may affect bone strength such as disease due to larger populations, 
remodeling of bone due to age, and remodeling due to stress in specific areas.  
The author found that agriculture was more strenuous than hunting and gathering 
in the Southeastern United States and there is a shift in sexual divisions of labor that 
corresponds to the shift to maize agriculture. One change in females that Bridges 
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observed is the change in osteoarthritis and humeral robusticity that may be caused by the 
increase in activity of females in an agricultural society. For the purposes of this research 
it is important to note that Bridges did find difference and changes in females as they 
transitioned from hunting and gathering to maize agriculture subsistence and males did 
not show changes in bone strength.  
Bridges (1992) states that, when comparing patterns of osteoarthritis between 
populations, conclusions can be made about the types of activities that may cause the 
osteoarthritis. The author found that the hip and shoulder are affected by age while the 
knee and elbow are affected by the activity. Sex is also a determining factor for 
osteoarthritis along with the increase in warfare due to increased populations and 
dwindling resources. Patterns of asymmetrical osteoarthritis can be seen in female hips 
and elbows and in male knees and shoulders.  
Most importantly for this current research, Bridges (1992) notes that the shift 
from hunting and gathering to agriculture can be seen in an increase of osteoarthritis in 
males. With the introduction of agriculture new activities were practiced along with the 
retention of some older activities which may have lead to increased stress on males. The 
author also reiterates that no one activity can be associated with osteoarthritis of any 
joint; instead it is likely a combination of activities that lead to osteoarthritis.  
Nagy’s (2000) dissertation looked at both musculoskeletal markers and 
osteoarthritis in Indian Knoll and Harding Village populations. The study compares the 
two samples based on activity markers which imply subsistence patterns along with 
looking at sexual divisions of labor and social complexity. In her research she notes that 
sexual divisions of labor are inexplicably tied to subsistence strategies, osteoarthritis 
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indicates mechanical stress on the body, and the pattern of osteoarthritis (as opposed to 
the severity) tells more about the activity. Most importantly, Nagy states that previous 
research does not give a definite understanding of whether or not osteoarthritis indicates a 
specific activity but the author affirms her position by saying that osteoarthritis does 
occur due to activity in some joins and that the only severity worth noting is the presence 
of eburnation. This means that Nagy does not believe that osteoarthritis occurs in steps 
that can be classified into scores which is one of the goals of my research. Nagy does 
state that the pattern of osteoarthritis can be seen in large samples and may show activity-
specific patterns.  
Nagy uses the samples from the Indian Knoll site and the Harding Village site that 
are housed at the University of Kentucky and found that Indian Knoll dated back between 
6000 B.P. to 4500 B.P. Nagy also used the original scoring method created by Hawkey 
(1988) as a guideline for her own scoring method that consisted of scores 1-9 and applied 
these scores to only musculoskeletal markers. In the results section Nagy found extreme 
sexual dimorphism in musculoskeletal markers score for the Indian Knoll site, the males 
from each of the sites had a similar amount of severe musculoskeletal markers while the 
females from Indian Knoll had high scores for 10 and Harding Village had high scores 
for 34.  
Analysis of variance (ANOVA) found that a large amount of the variability is 
present between age goups at both sites. Nagy ran cluster analyses for the Indian Knoll 
sample and found six clusters for the shoulder components that are significant with sex 
and age, arm component varies significantly by age and sex with the addition of the 
infraspinatus attachment lesion and spondylolysis of the 5
th
 lumbar that vary 
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significantly, and finally the lower limb component that also has significance with age 
and sex but includes the frequency of osteoarthritis in males that is significant. The 
results for the patterning of osteoarthritis, in particular those at Indian Knoll, show that 
the joints of the upper body are more affected in both sexes than joints of the lower body. 
Specifically, the osteoarthritis of the glenoid fossa had more males with a retraction 
pattern and more females with an elevation pattern; the distal humerus has a large amount 
(66%) of individuals with osteoarthritis present at the medial trochlea. 
Harding Village varied significantly in the shoulder component by sex and by 
age, but only for females. For the arm component the significance was found in only 
between the sexes and in the lower limb component between age groups. Nagy concludes 
that her results coincide with previous research and support the idea that at Indian Knoll 
males were more mobile than females and that there possibly was a shift in hunting 
practices that affected the skeletal evidence. These findings support the idea that 
osteoarthritis can be indicative of activity patterns based on the amount of severity in the 
joint.  
Site Background 
 
The samples chosen for this research are from the Indian Knoll site and the 
Nutwood and Rosedale Mound sites. Rothschild (1979) places the Indian Knoll site in the 
archaic period (6100-4508 B.P.) with a hunting and gathering subsistence strategy. In 
previous research it was held that archaic peoples, those that subsisted on hunting and 
gathering, had a very egalitarian social structure. Rothschild uses the presence of burial 
goods and other artifacts to support or deny this claim. Rothschild defines “archaic” as a 
culture that is supported by collected food and “Mississippian” as a culture supported by 
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maize (Rothschild, 1979; pg 858). The article dates the Indian Knoll site to 6100 – 4508 
BP according to previous research and excavations that have revealed over 1100 burials. 
Rothschild found that 55% of the burials were men while 45% were women.  
She assumes that the presence or absence of grave goods, or the way the body was 
treated after death reflects how the individual was treated in life giving insight into the 
social structure. At Indian Knoll, Rothschild found that the burials fell into two clusters: 
those with tools and those with ornaments. Specifically, two clusters found in burials A 
and B do not match the rest of the site in age or sex composition and therefore set 
themselves apart. She also found that sex was not a discriminating factor whereas age 
was, and that Indian Knoll did not fit the complete egalitarian social structure assumed by 
their subsistence patterns. Even though Rothschild found that the social structure was not 
as egalitarian as expected based on the mortuary behavior, the society still depended on 
the collecting and storing of food.   
Nagy (2000) also dates the Indian Knoll sample back to the archaic 6000-4500 
B.C. based on previous research (Rothschild, 1979), the presence of burial goods, and the 
presence of shell middens. Nagy also notes that in previous excavations no postholes or 
permanent structures were found indicating a temporary or seasonal settlement and the 
presence of small game faunal remains at the site.  
Titterington (1935) performed the one of the first full scale excavations of the 
Jersey County, Illinois bluff mounds in the early 1900’s. Titterington describes the site, 
artifacts, and remains that were found as coming from a variety of cultures. Jersey 
County is bordered by the Illinois River on two sides with over 700 mounds spanning 25 
miles associated with it. Both Hopewell and Cahokia artifacts have been found, but the 
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Cahokia artifacts tend to be isolated to village sites only, which would make the burial 
mounds a part of the Hopewell culture. Some of the types of artifacts found at the site are 
shell utensils and decorations, modified bone tools, different tempered pottery, pipes, 
points, axes, and knives.  
There were both cremated and un-cremated human remains found at the site, 
altogether totaling to 170 burials. The cremated individuals were found as individual 
burials and in a mass grave, while the non-cremated burials were mostly individual 
burials with some groups; and they were recorded by position (i.e. flexed) and type of 
stone covering. Titterington notes that almost 40% of the cremated burials were children 
under 12 years old and then goes on to describe the different degrees of flexation. Several 
burials showed signs of tampering including comingling of individuals and removal of 
bones.  
Titterington (1935) identifies the individual types of artifacts and the descriptions 
of the mounds. In the end he concluded that there are definitely three and possibly four 
different cultures that have existed in the area. He also states that no Cahokia artifacts 
were found in the mounds so they cannot be associated with that culture but Hopewell 
artifacts have been found in mounds in the southern part of the area which makes 
association with that culture more plausible.  
Although Titterington did not go into detail about the human remains he did give 
some background and detailed descriptions of the site, and it also gave insight into the 
methodology at the time of excavation. This background information gives context to the 
remains and explains why some individuals were not complete and others were 
comingled in the catalogue. The final note Titterington makes has to do with the dating of 
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the site. According to the artifacts and the remains, the major time period the Jersey 
County sites cover is the Late Woodland period because of the lack of pottery found in 
the burials.  
Archaeological Context of Subsistence Changes 
The current research looks at the changes in female joint surfaces associated with 
the transition from hunting and gathering to maize agriculture. It is important to have 
archaeological context to interpret the Indian Knoll site as representative of an Archaic 
hunting and gathering site and the Nutwood and Rosedale Mounds as representative of a 
Late Woodland maize agriculture society.  
The archaeological evidence for hunting and gathering at the Indian Knoll site 
consists of shell middens, remains of deer, turkey, and other animals, and the lack of 
postholes and living floors (Nagy, 2000). The lack of post holes and living floors 
indicates that this site was temporary and seasonal. Rothschild (1979) also dates the 
Indian Knoll site to an Archaic hunting and gathering site based on previous research that 
defines the Archaic period as lacking in permanent settlements and pottery. Indian Knoll 
is dated to 3500 BC, well before the adoption and intensification of maize between 530 
and 1300 AD (Buikstra et.al., 1986). This being said, the Indian Knoll site was not 
constantly mobile; instead the population had periods of sedentism where shellfish and 
local resources were enough to sustain the population. The individuals at Indian Knoll 
depended on hunting and gathering of wild resources such as small game and nuts (Nagy, 
2000) 
Nutwood and Rosedale Mounds are part of a larger group of mounds located in 
the lower Illinois River valley and date to the Late Woodland time period (AD 250 – 
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1000) (Charles, 1994). The Late Woodland period is epitomized by the use of the bow 
and arrow, permanent settlements, lack of Hopewell artifacts, and the introduction and 
intensification of maize as a food resource (Buikstra et.al, 1986; Charles, 1992; Nagy, 
2000). Buikstra et al. (1986) states that maize first appears as a supplement to other 
domestic seeds around AD 530 and continues to play a role in the diet until it replaces the 
seeds and other plants at the end of the Late Woodland period. Late Woodland is also 
defined, in one aspect, by the lack of Hopewell pottery found at the sites (Titterington, 
1935; Fowler, 1944; Charles, 1996). Previous studies have looked at the burial mounds 
and their composition as a defining feature of the Late Woodland (Charles, 1996). Late 
Woodland mounds tend to have more individuals in them which corresponds to the 
increase in population due to a more sedentary and reliable resources (Milner et.al, 1991; 
Larsen, 1995).  
Buikstra et.al (1991) looks at the development of agriculture and its correlations 
with fertility and mortality in the American Midwest. The authors find that the increase in 
fertility is correlated with the introduction and adoption of agriculture. The introduction 
of agriculture also leads to new food preparation technology and increased stress due to 
activities for females in food production. Larsen (1995) also notes an increase in birthrate 
during the transition to agriculture and the higher prevalence of disease in sedentary 
populations. This is because agriculturalists did not consume the variety of foods that 
hunters and gatherers did which lead to protein deficiencies in agricultural societies, 
especially those reliant on maize. 
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CHAPTER 3 
MATERIALS and METHODS 
 
For this research individuals from the Indian Knoll site, Nutwood and Rosedale 
Mounds, and the Terry collection are observed for osteoarthritic changes that may be 
caused by the change in subsistence activities. Both males and females are included in 
this research and the individuals are separated into age groups based on pelvic indicators 
(Bass, 2005) and epiphyseal closures. The assessment of arthritis will be visual and based 
on the amount of degradation to the bone. Age and potential length of activity are taken 
into account for all makers. Statistical analyses such as Crosstabulation, Chi Square 
analysis, and an Analysis of Covariance (ANCOVA) are used. The data were entered into 
an Excel spreadsheet and imported into SPSS 15.0 for analysis. Photographs of each 
score are taken that correspond to the descriptions of each score for each feature.  
 
Samples 
The samples included in this study are Native American skeletal remains from the 
Woodland period Nutwood and Rosedale Mounds from Jersey County, Illinois and the 
archaic Indian Knoll site in Kentucky along with the sample of white individuals from the 
Terry Collection. All the collections are housed at the Smithsonian National Museum of 
Natural History in Washington DC. Both of the Native American samples are kept in 
secured, catalogued cupboards in the attic while the Terry collection is catalogued and 
kept on the 3
rd
 floor. For the Illinois and Kentucky samples both age and sex had been 
determined by the Smithsonian staff. The age groups of child, adolescent, and mature 
were used by the staff but I choose to narrow down the groups to age ranges of 20 years 
using the pelvis, rib ends, and epiphyseal closures when possible. An individual whose 
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age could not be estimated precisely was referred to as adult or subadult. For the Terry 
collection age, sex, and biological affinity were known and recorded.  
 The archaic Indian Knoll sample comes from the Indian Knoll Mound located in 
the western part of Kentucky (Figure 6). The site was first excavated by Webb (1946) in 
the 1940’s and it dates back to around 4508 to 6100 BP (Rothschild, 1979).  The date 
places the site in the archaic which means they were supported by hunting and gathering. 
The sample has a total of 71 individuals not all of which were used in the study (Table 1). 
According to my age estimates the observed number of individuals at each age group was 
seven females and one male between the ages of 0 and 20 years old (group1), eight 
females and fourteen males between the ages of 21 and 40 years old (group2), two 
females and thirteen males between the ages of 41 and 60 years old (group 3), and three 
females and four males that were considered adults for a total of 20 females and 32 males 
(n=52). There were no individuals found that fell in the age range of 61+ years old and 
there were 5 children not included in the study.  
 
 
 
 
 
 
 
Figure 6. Location of the Indian Knoll site within Kentucky 
(http://www.metmuseum.org/toah/hd/knol/hd_knol.htm). 
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The Nutwood and Rosedale Mound samples came from several bluff mound 
excavations in Jersey County located in the Illinois Valley first excavated by Titterington 
(1935) (Figure 7; Figure 8). The Nutwood and Rosedale Mound sites are an example of a 
horticulture and maize agriculture society. The site is considered to span the Early, 
Middle, and Late Woodland periods dating from 1000 BC to 800 A.D where the Early 
and middle Woodland people participated in horticulture while the Late Woodland 
people participated in maize agriculture. The site is flanked by the Illinois River with 
several hundred bluff mounds spanning several counties.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Map of Illinois with Jersey County highlighted 
(www.censusfinder.com/mapil.htm). 
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Figure 8. Close up of Jersey County, Il (http://alabamamaps.ua.edu/historicalmaps 
 
The individuals examined in this study from the Nutwood and Rosedale mounds 
totaled 439 individuals (Table 1). According to my age estimates, the observable sample 
included twelve females and six males between the ages of 0 and 20 years old (group1), 
twelve females and twenty-nine males between the ages of 21 and 40 years old (group 2), 
fifteen females and thirty-nine males between the ages of 41 and 60 years old (group 3), 
thirteen females and three males with an age of 61+ years old (group 4), and thirty-three 
females and forty-eight males that were not put into groups but are considered adults for 
a total of 85 females and 125 males (n=210). The individuals not included in the study 
either did not have any postcrania, were poorly preserved, had less than 75% of the bone 
and/or feature and include the 39 children in the sample.  
 The Terry collection is a modern sample of processed remains collected by Dr. R. 
Terry in the early part of the 20
th
 century. The collection consists of black and white 
males and females with known age and sex. The biological affinity of each person was 
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designated black or white with any individual having the least bit of “black” in them 
being designated as black. Therefore for the purpose of this study only white males and 
females were observed. Twenty-five males and twenty-five females were chosen by 
random sample with one sampling bias based on location of the remains within the 
catalogue (Table 1). Those individuals that were located above eye level (approximately 
5ft) were not included.  The sample generated six females and nine males between the 
ages of 21 and 40 years old, seven females and nine males between the ages of 41 and 60 
years old, and twelve females and seven males 61+ years old for a total of 25 females and 
25 males (n=50). No individuals with an age younger than 20 was observed because of 
the small number available and the sampling bias.  
 
 
Table 1. The number of individuals in each age group from each sample. 
Site  1 (0-20) 2 (21-40) 3 (41-60) 4 (61+) Adult 
Indian Knoll 7F, 1M 8F, 14M 2F, 13M 0F, 0M 3F, 4M 
Nutwood and 
Rosedale Mounds 
12F, 6M 12F, 29M 15F, 39M 13F, 3M 33F, 48M 
Terry 0F, 0M 6F, 9M 7F, 9M 12F, 7M 0F, 0M 
 
 
 The state of preservation of the samples is quite different. The Indian Knoll 
sample is very dry and brittle with most thin bone missing and easily broken. There is 
little to no root etching to impede observations and little to no staining from dirt. The 
Nutwood and Rosedale Mound samples are well preserved with most long bones intact, 
cortical bone is mostly present, the bones are dry but not brittle, and most individuals 
have some degree of root etching. The root etching did impede some observations and 
hindered scoring so individuals with severe etching were not used. The Indian Knoll and 
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Nutwood and Rosedale Mound samples are archaeological and therefore more prone to 
breakage during excavation, transportation, and handling. The breakage usually occurs in 
thin bone (such as the medial scapula) and on small enthesopathies/osteophytes such as 
those found on the superior tibia. If the osteophytes that are observed in this study were 
broken to a severe degree then the feature was not included.  
The Terry collection is a modern collection from anatomical and autopsy 
specimens. They were processed in a lab and therefore were never buried in dirt, which 
allows for even the smallest feature and osteophytes to be preserved. On the other hand, 
dirt can enhance visual assessment of porosity because particles of dirt highlight pores in 
the bone. Seeing as the Terry collection was never buried small porous holes were hard to 
identify.  
  
Features 
 The features observed in this study are the presence or absence of a supraglenoid 
articular facet of the scapula, osteoarthritis (OA) of the scapular glenoid fossa, 
osteoarthritis of the humeral olecranon fossa and humeral trochlea, and osteoarthritis of 
the superior tibial condyles.  
The supraglenoid articular facet of the scapula is located on the superior portion 
of the glenoid fossa at the supraglenoid tubercle and is just posterior to the coracoid 
process. The long head of the biceps brachii muscle originates at the tubercle and it 
supinates and flexes the forearm and weakly flexes the shoulder (Stone and Stone, 2006). 
The creation of the facet occurs when the individual participates in activities that cause 
hyperextension at the shoulder. Activities such as overhead picking of fruit and/or 
throwing spears and atlatls over ones head can be associated with the supraglenoid 
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articular facet (Capasso et.al, 1999). It is hypothesized that the presence of this feature 
should be more prevalent in the Indian Knoll hunting and gathering society. 
 The features of the scapular glenoid fossa that are observed in this study are both 
the lipping around the fossa and the porosity within the fossa. The humeral head is kept 
in place by cartilage around the fossa called the glenoid labrum (joint capsule) and 
several bursas surround the joint to cushion impact to the joint (Rohen et.al, 2002). The 
overuse of the joint results in degeneration of the joint capsule and the thin sheets of 
cartilage that surround the humeral head and fossa which causes bone to bone contact. 
This bone to bone contact causes osteoarthritis which can be distinguished as porosity 
and lipping in and around the fossa. The stress factors that lead to osteoarthritis of the 
glenoid fossa are due to depression, elevation, and circumduction (Capasso et.al, 1999). 
The activities associated with the degenerative changes are scraping of hides, grinding of 
corn, using a bow and arrow, and carrying heavy loads.  
The features of the distal humerus that I observed are the porosity of the 
olecranon fossa and the lipping of the trochlea. Like the shoulder joint the elbow joint has 
thin sheets of cartilage that cover the surfaces of the olecranon of the ulna and the 
trochlea of the humerus. The ulna is kept in place with several ligaments and surrounded 
by bursas that lessen the impact of activities (Rohen et.al, 2002). The degeneration of the 
thin sheets of cartilage and bursas leads to bone to bone interaction and eventually 
osteoarthritis. Severe osteoarthritis can be seen in the displaced bone on the medial 
trochlea and in macro porosity in the olecranon fossa. Bone remodeling and osteophytes 
can be seen in the olecranon fossa and the medial trochlea if the joint is used after the loss 
of cartilage or after a trauma. The activities associated with the osteoarthritis of the elbow 
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are pushing and pulling in a downward and outward motion as seen in both maize 
production and the processing of hides, and repetitious impact and loading of the elbow 
(Capasso et.al, 1999).  
The features observed on the superior tibial condyles are porosity and lipping. 
The tibial condyles are located at the superior proximal portion of the tibia and interact 
with the femoral condyles to create the knee joint. The condyles are covered with thin 
sheets of cartilage and the bones are kept in place by ligaments and tendons. Several 
ligaments and tendons attach to the borders of the tibial condyles but no attachments 
happen within the surface area of the condyles (Rohen et.al, 2002). Degeneration due to 
overuse of the cartilage causes bone to bone interaction and in turn osteoarthritis of the 
knee, and displaced/remodeled bone are indicative of severe osteoarthritis. The knee joint 
is affected by many activities including walking, running, jumping, carrying heavy loads, 
or any activity with repeated impact on the joint surface (Capasso et.al,1999).  
Eburnation for all the joint surfaces is caused by continual bone on bone contact 
and is a sign of severe osteoarthritis (Ubelaker, 1999). Osteophytes occur in the joint 
surfaces as bony growths and severe osteophytes can create displaced bone such as that 
found on the medial humeral trochlea and superior tibial condyles. Displaced or 
remodeled bone also causes an increase in surface area, such as that found on the scapular 
glenoid fossa, and is caused by degeneration of the joint capsule which allows the 
humeral head to move.   
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Scoring 
The definitions of each score are based on Hawkey’s (1988) method. They have 
been refined so that future research can use a score of 0-3 for both musculoskeletal 
markers and bone to bone wear. The definitions are as follows: 
Scapular Supraglenoid Articular Facet (Capasso et.al, 1999; pg 56): 
0 = absent, intact ridge of glenoid fossa on the superior portion just posterior to the 
coracoid process. (Figures 9; Figure 10) 
1 = present, flattening of the supraglenoid tubercle to create a flat articular facet for the 
hyperextension of the humerus. (Figure 11; Figure 12) 
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Figure 9. Female (ID 379826) from the Nutwood and Rosedale Mound sample. Right 
scapula without a supraglenoid articular facet (arrow). Superior view.  
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Figure 10. Female (ID 380013) from the Nutwood and Rosedale Mound sample. Left 
scapula without supraglenoid articular facet (arrow). Superior view.  
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Figure 11. Male (ID 1427) from the Terry collection. Right scapula with a supraglenoid 
articular facet. Superior view.  
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Figure 12. Male (ID 181) from the Terry collection. Right scapula with a supraglenoid 
articular facet (dashed circle). Superior view.  
 
 
 
Osteoarthritis and Lipping of the Scapular Glenoid Fossa (Hawkey 1988, pg. 10): 
0 = no visible porosity or lipping. (Figure 13) 
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1 = porosity in small areas of the interior of the fossa and/or a thin ridge of lipping in 
small portions around the fossa. (Figure 14) 
2 = porosity covering most of the interior of the fossa and/or a thin ridge around the 
entire fossa. (Figures 15; Figure 16) 
3 = an individual must have at least 3 out of the 4 aspects including porosity covering 
entire interior fossa, ebernation of porosic area, enthesopathies curling up over fossa 
creating a concave shape around humeral head, and/or large amounts of remodeled bone 
around outside of fossa making the surface area of interaction larger than normal. 
(Figures 17; Figure 18) 
 
Osteoarthritis and Lipping of the Humeral Olecranon Fossa and Trochlea (Hawkey 1988, 
pg.10: 
0 = no porosity visible, no lipping, soft smooth edge, no ridge outlining trochlea. (Figure 
19; Figure 20) 
1 = slight porosity in small areas, small porous holes, does not cover entire surface. Slight 
lipping, either thin small ridge or thick small ridge is outlining parts of the trochlea but 
not entire feature. (Figures 21; Figure 22) 
2 = porosity covering most of the fossa including, but not limited to porosity wear pattern 
on the medial aspect of the fossa. Lipping consists of thin small lip around entire trochlea 
and/or thick ridge starting to curl medially over the distal edge of trochlea. (Figures 23; 
Figure 24) 
3 = an individual must have at least 2 out of the 3 aspects including degeneration/break 
down of cortical bone in the fossa and can include osteophytes and remodeling. Lipping 
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consists of thick ridges curling medially and superiorly over the distal edge of the 
trochlea, and/or ebernation of the medial trochlea. (Figures 25; Figure 26) 
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Figure 13. Female (ID 380003) from the Nutwood and Rosedale Mound sample. Scapular 
glenoid fossa with a score of 0 for osteoarthritis and lipping. Lateral view. Note the 
smooth surface and edges of the fossa and the absence of porosity. 
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Figure 14. Male (ID 379790) from the Nutwood and Rosedale Mound sample. Left 
scapula with a score of 1 for the osteoarthritis and lipping of the glenoid fossa. Lateral 
view. Note the porosity on the anterior inferior edge of the fossa (stripped arrow) and the 
lipping on the anterior superior portion (white arrow) and the posterior portion of the 
fossa (checkered arrow).  
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Figure 15. Male (ID 588) from the Terry collection. Left scapula with a score of 2 for 
osteoarthritis and lipping of the glenoid fossa. Lateral view. Note the continuous ridge 
around outer edge of the fossa and the porosity just inside of the ridge.  
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Figure 16. Female (ID 380343) from the Nutwood and Rosedale Mound sample. Right 
scapula with a score of 2 for osteoarthritis and lipping of the glenoid fossa. Photo taken 
from the posterior view which highlights the continuous ridge around the outer edge of 
the anterior portion of the fossa.  
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Figure 17. Male (ID 290075) from the Indian Knoll sample. Right scapula with a score of 
3 for osteoarthritis and lipping of the glenoid fossa. Note the porosity in the center of the 
fossa (dashed circle) and around the edges, also the lipping on the posterior inferior 
portion of the fossa (white arrow). Photo take from a slight posterior angle. 
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Figure 18. Female (ID 589R) from the Terry collection. Right scapula with a score of 3 
for osteoarthritis and lipping of the glenoid fossa. Lateral view. No signs of trauma on the 
corresponding humerus to indicate secondary OA. This individual has all three aspects 
porosity, lipping, and eburnation of osteoarthritis.  
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Figure 19. Male (ID 379797) from the Nutwood and Rosedale Mound sample. Right 
humerus with a score of 0 for the porosity of the olecranon fossa. Posterior view.  
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Figure 20. Female (ID 380067) from the Nutwood and Rosedale Mound sample. Left 
humerus with a score of 0 for lipping of the trochlea. Anterior medial view. Note the 
round smooth edge of the distal aspect of the trochlea (stripped arrow) and the absence of 
a ridge on the anterior aspect (white arrow).  
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Figure 21. Female (ID 379842) from the Nutwood and Rosedale Mound sample. Left 
humerus with a score of 1 for porosity of the olecranon fossa. Posterior view. The 
porosity is in the inferior fossa (stripped arrow) and moves up the sides (white arrow) as 
it becomes more severe.  
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Figure 22. Male (ID 379790) from the Nutwood and Rosedale Mound sample. Right 
humerus with a score of 1 for lipping of the trochlea. Medial view. The slight ridge 
around the distal aspect of the trochlea makes this individuals severity 1 (white arrows). 
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Figure 23. Male (ID 379855) from the Nutwood and Rosedale Mound sample. Left 
humerus with a score of 2 for porosity of the olecranon fossa and . Posterior superior 
view. Note the presence of osteophytes in the inferior fossa (white arrow).  
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Figure 24. Male (ID 895) from the Terry collection. Right humerus with a score of 2 for 
lipping of the trochlea. Medial view. The continuous ridge around the distal and anterior 
aspects of the trochlea give it a severity score of 2.  
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Figure 25. Female (ID 290071) from the Indian Knoll sample. Right humerus with a 
score of 3 for porosity of the olecranon fossa. Posterior view. Note how the porosity is 
spread over the entire fossa with both large and small porous holes.  
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Figure 26. Male (ID 379876) from the Nutwood and Rosedale Mound sample. Right 
humerus with a score of 3 for lipping of the trochlea. Anterior medial view. Lipping has 
occurred on both the distal aspect (stripped arrow) of the trochlea and continues up the 
anterior aspect (white arrow).  
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Osteoarthritis and Lipping of Superior Tibial Condyles (Hawkey 1988, pg. 10): 
0 = neither porosity or lipping present (Figure 27; Figure 28) 
1 = some porosity in patches (only on bone to bone surfaces), lip beginning to form in 
certain areas. (Figure 29; Figure 30) 
2 = continuous porosity around the outside edge of condyle starting to move inward 
and/or macro porosity in one area with wearing. Lip is continuous around edge of 
condyles, small osteophytes sticking up around edge and/or small enthesopathies curling 
downward over edge of condyles. (Figure 31) 
3 = an individual must have at least two out of the three aspects including a large area of 
macro porosity usually in a concave area of wear, ebernation of porosic area, and/or large 
enthesopathies/osteophytes curling upward over edge of condyle. (Figure 32; Figure 33) 
 When observing the feature it is important to move the bone around so as many 
different angles and areas can be seen. The creation of shadows and light on different 
areas allows for certain features such as porosity and slight ridges to be seen.  
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Figure 27. Female (ID 379800) from the Nutwood and Rosedale Mound sample. Left 
tibia with a score of 0 for both porosity and lipping of the superior tibial condyles. 
Superior view.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Feature 28. Female (ID 543R) from the Terry collection. Right tibia with a score of 0 for 
both porosity and lipping of the superior tibial condyles. Superior view.  
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Feature 29.  Female (ID 379909) from the Nutwood and Rosedale Mound sample. Right 
tibia with a score of 1 for porosity of the superior tibial condyles. Superior view. Porosity 
is located in a small area on the anterior portion of the medial condyle (dashed circle). 
There is an edge separating the porosity on the condyle from the porosity on the anterior 
intercondylar area.  
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Feature 30. Male (ID 379834) from the Nutwood and Rosedale Mound sample. Right 
tibia with a score of 1 for lipping of the superior tibial condyles. Superior view. The 
lipping has occurred on the anterior portion of the medial condyle (white arrow) and the 
anterior lateral portion of the lateral condyle (stripped arrows).  
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Figure 30. Male (ID 379855) from the Nutwood and Rosedale Mound sample. Left tibia 
with a score of 2 for both porosity and lipping of the superior tibial condyles. Superior 
view. The transition from micro to macro porosity can be seen on the superior medial 
portion of the lateral condyle (dashed circle). Also, the ridge around the outer edge is 
continuous on both condyles creating a lip.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31. Male (ID 379855) from the Nutwood and Rosedale Mound sample. Left tibia 
with a score of 2 for both porosity and lipping of the superior tibial condyles. Superior 
view. The transition from micro to macro porosity can be seen on the superior medial 
portion of the lateral condyle (dashed circle). Also, the ridge around the outer edge is 
continuous on both condyles creating a lip.  
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Figure 32. Male (ID 379815) from the Nutwood and Rosedale Mound sample. Right tibia 
with a score of 3 for both porosity and lipping of the superior tibial condyles. Superior 
view of the medial condyle. This is an example of all three aspects; macro porosity, 
continuous lipping, and eburnation. 
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Figure 33. Male (ID 380071) from the Nutwood and Rosedale Mound sample. Right tibia 
with a score of 3 for lipping of the superior tibial condyles. Posterior view of the lateral 
condyle. This is an example of the osteophytes and displaced bone creating an upward 
curl over the condyle (white arrows). 
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Statistical Analysis 
 The statistical evaluation of the data used the computer program SPSS 15.0 for 
Windows. For this data set the appropriate test was a Crosstabulation with Chi Square 
analysis and Cramer’s V. The Crosstabulation test creates a table that shows both actual 
and expected counts for each feature score. For example, when comparing sex and a 
feature the table would have males and females for the rows and the feature scores of (0-
3) as the columns. The table allows you to easily compare actual and expected values and 
to view when there are too few or too many individuals which show random versus non-
random distributions.  
The Chi Square analysis shows significance of the association between what is in 
the rows (i.e. age, sex, or site) and what is in the columns (i.e. features scores). If the 
significance value is ≤.05 the relationship is considered significant where as if the value 
is >.05 it is considered not significant and the relationship is random. Cramer’s V is an 
estimate of the degree of association between the two variables. If the Cramer’s V value 
is .5 than 25% (this is the value of .5 squared) of the variation in the column value is 
accounted for by the row value (i.e. site, age, or sex). Cramer’s V is only considered 
when the Chi Square significance is ≤.05.  
 An analysis of covariance (ANCOVA) was performed in SPSS for all individuals 
with an age range of 1, 2, 3, or 4. This analysis tests whether or not the difference 
between the samples for a particular feature is significant when age is taken into account. 
In other words, we know that age is highly significant with the presence of osteoarthritis 
in all the samples, but if we exclude the affect of age, the ANCOVA can tell if the 
differences between the samples based on the score of a feature are still significant. For 
these tests I considered a result to be considered significant at the ≤.1 level.  
 
64 
 Some recoding of the data was done during certain analyses, for example the sites 
were changed from their names to letters A (Rosedale and Nutwood Mounds), B (Indian 
Knoll), and C (Terry). Because of the way the data was recorded each individual feature 
including porosity and lipping, was tested separately against age, sex, and site.  
 
Expectations 
Changes in the scapular glenoid fossa are expected to be seen throughout both 
populations but when comparing the women of the different samples, it is expected to be 
more severe in the Nutwood and Rosedale maize society. This is because the Nutwood 
and Rosedale populations would have participated in both scraping of hides and maize 
production year round while the Indian Knoll population would have scraped hides 
seasonally. It must also be noted that agricultural populations tended to be larger, and 
therefore food production would have had to have been constant which leads one to 
assume that women in the Nutwood and Rosedale agriculture society were continually 
producing maize and processing meats at a rate higher than that of the Indian Knoll 
women.  
Similar to the shoulder joint, the osteoarthritis of the elbow is expected to be more 
common in Nutwood and Rosedale Mound females because of the amount and type of 
activity that they participated in, specifically food production. 
Degenerative changes of the superior tibial condyles in the Indian Knoll females 
are expected to be higher than that of the Nutwood and Rosedale Mound females. This is 
due to the more migratory lifestyle of the Indian Knoll population where they participated 
in walking great distances and carrying heavy loads. This is in contrast to the Nutwood 
and Rosedale females who would have been more sedentary in their activity of maize 
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production. When comparing males and females, it is hypothesized that males will have 
higher rates of severe osteoarthritis in the knee because of the amount of movement even 
in the more sedentary maize culture.  
Osteoarthritis of the superior tibial condyles is observed in this study in order to 
examine whether or not the arthritis is localized to the shoulder and elbow or if it affects 
the entire individual. It is hypothesized that females who participated in hunting and 
gathering would have osteoarthritis spread evenly over the entire body while females who 
participated in maize production would only have severe arthritis in their shoulder and 
elbow because of the type of activity and stress pattern. The decision to include males 
follows the same thought process as the inclusion of the tibial condyles. If females were 
the only ones participating in maize production then males would show different areas of 
osteoarthritis in the Nutwood and Rosedale Mound societies. Expanding the research to 
include males and tibias allows for more questions to be answered, a better understanding 
of divisions of labor and sex within the culture, and the spread of osteoarthritis within the 
population.   
Age does play a role in the degeneration and observation of osteoarthritis in most 
joints. According to Capasso et.al (1999), the areas of osteoarthritis most correlated with 
age are the elbow and shoulder joint while the knee has a lower association. 
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CHAPTER 4 
RESULTS 
 
 The results provided in this chapter comment on different associations within and 
between features, samples, sexes, and age groups. The first set of results reports 
frequencies based on the percentages of individuals with a particular feature. The second 
set of results is based on the statistical analyses chi square, crosstabulation, Cramer’s V, 
and give a significance (p) value to each feature when comparing age groups, sexes, and 
samples. The third set of results is based on an Analysis of Covariance (ANCOVA) 
where a significance value is given to age because it is highly correlated with 
osteoarthritis and a significance value is given to the feature. The significance value for 
the feature tells whether or not the feature is significance even when age is taken into 
account.  
Frequencies 
Age versus Features 
The bar charts show the frequency of a certain score for the given marker by age 
group. Individuals with a different score for right and left were counted twice; once for 
each score. The age versus feature charts include both male and females, and individuals 
from all three samples.  
The trend for the presence or absence of the scapular supraglenoid articular facet 
is that more individuals do not have the facet in age groups 1 (age ≤20), 2 (ages 21-40), 3 
(ages 41-60), and 4 (ages 61+) while there are more individuals in Adult (individuals that 
could not be aged but that had complete fusion of the epiphyses) that have the facet 
(Figure 34). Specifically 63% of the individuals in age group 1, 63% of individuals in age 
group 2, 70% of individuals in age group 3, and 66% of individuals in age group 4 do not 
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have a scapular supraglenoid articular facet. This shows that the presence or absence of 
the facet is not correlated with age and that it is present at a low frequency in the overall 
sample.  
The osteoarthritis of the scapular glenoid fossa (Figure 35) shows a dramatic 
increase in the frequency of score 1 in age groups 2 (50%) and 3 (54%) while age group 4 
has a large increase going from a score of 1 (15%) to 2 (77%). The frequency chart shows 
a decrease in the percentage of individuals as the severity score increases for all age 
groups especially age group 1 that steadily decreases from score 0 (55%) to score 3 (0%).  
The porosity of the humeral olecranon fossa (Figure 36) peaks for age groups 2 
(49%), 3 (44%), 4 (51%), and adult (47%) at the score of 1 and steadily decreases till the 
score of 3. Age group 1 decreases from score 0 to three with the score of 0 having the 
highest percentage of individuals (55%).  
The lipping of the humeral trochlea (Figure 37) has a dramatic decrease in the 
percentage of individuals in age groups 2 (8.8%) and 3 (3.5%) for score 2. All of the age 
groups decrease to their lowest percentage at the score of 3 showing that very few 
individuals have severe lipping of the humeral trochlea no matter their age.  
The porosity of the superior tibial condyles (Figure 38) peaks at score 1 for age 
groups 3 (53%), 4 (48%), and adult (46%) and steadily decreases till the score of 3. Age 
groups 1 (63%) and 2 (52%)have a higher percentage of individuals with a score of 0 
than any other score, but all the age groups plateau from score 2 to score 3.  
The frequency of the lipping of the superior tibial condyles (Figure 39) is similar 
for all the age groups. They all have the highest percentage of individuals with a score of 
0 and the least percentage of individuals with a score of 3. 100% of the individuals in age 
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group 1, 72% of individuals in age group 2, 51% of the individuals in age group 3, 42% 
of individuals in age group 4, and 42% of individuals in Adult have score 0. Age group 1 
does not have any individuals with a score of 1, 2, or 3 while only age groups 4 (11%) 
and Adult (8%) have individuals with a score of 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34. Frequency chart for the presence or absence of the scapular supraglenoid 
articular facet in each age group.  
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Figure 35. Frequency chart for osteoarthritis of the scapular glenoid fossa in each age 
group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 36. Frequency chart for the porosity of the humeral olecranon fossa in each age 
group.  
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Figure 37. Frequency chart for the lipping of the humeral trochlea in each age group.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 38. Frequency chart for the porosity of the superior tibial condyles in each age 
group.  
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Figure 39. Frequency chart for the lipping of the superior tibial condyles in each age 
group.  
 
 
Samples versus Features 
Two sets of frequency charts were made comparing the features with the three 
samples. The first set of charts includes only females while the second set of charts 
includes males and females. The first set of charts with females only corresponds to the 
chi square analysis and Cramer’s V tests discussed about in the next section.  In this 
section a comparison of the two charts will look at whether or not the inclusion of males 
influences the frequency and distribution of scores within a sample.  
 The inclusion of males for assessing the presence or absence of a scapular 
supraglenoid articular facet changes the frequency for the Indian Knoll sample showing 
that sex is correlated with this feature (Figure 40; Figure 41). With females only the 
Indian knoll sample has more individuals with the feature (60%) but when males are 
included the percentage lowers to 40%.  
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The frequency of osteoarthritis of the scapular glenoid fossa (Figure 42; Figure 
43) for both sets of charts is similar for the Terry collection. When males are included, 
Nutwood and Rosedale Mound have a peak at score 1 (46%) and when males are not 
included Indian Knoll has a peak at score 0 (40%) and 2 (40%). These frequency charts 
show that sex does influence the severity of osteoarthritis in the Nutwood and Rosedale 
Mound sample and the Indian Knoll sample which may be the result of different activities 
or sexual divisions of labor. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 40. Frequency chart for the presence or absence of a scapular supraglenoid 
articular facet for each sample. Females only.  
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Figure 41. Frequency chart for the presence or absence of a scapular supraglenoid 
articular facet for each sample. Males and females included. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 42. Frequency chart for osteoarthritis of the scapular glenoid fossa for each 
sample. Females only.  
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Figure 43. Frequency chart for osteoarthritis of the scapular glenoid fossa for each 
sample. Males and females included. 
 
For the porosity of the humeral olecranon fossa (Figure 44; Figure 45) the 
distributions of the Nutwood and Rosedale Mounds and the Terry collection do not 
change when males are included. The Indian Knoll sample has a higher percentage of 
individuals with a score of 1 when males are included (42.4%) and a higher percentage of 
individuals with a score of 0 when only females are included (50%). These charts show a 
difference in frequency based on sex for the Indian Knoll sample which may be due to 
the sexual divisions of labor in a hunting and gathering society.  
The lipping of the humeral trochlea (Figure 46; Figure 47) does not change 
dramatically from the chart including only females to the chart including both sexes. This 
shows that males do not have a great affect on the overall distribution of the severity of 
the lipping of the trochlea for scores 0, 1, and 3. The inclusion of males does affect the 
Indian Knoll and Terry collection at score 2. With only females the Indian Knoll and 
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Terry collection have 0% but when males are included Indian Knoll has 3.6% and Terry 
has 3.8%.  
 
 
 
 
 
  
 
Figure 44. Frequency chart for the porosity of the humeral olecranon fossa for each 
sample. Females only. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 45. Frequency chart for the porosity of the humeral olecranon fossa for each 
sample. Males and females included.  
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Figure 46. Frequency chart for the lipping of the humeral trochlea for each sample. 
Females only. 
 
 
 
 
 
 
 
 
 
Figure 47. Frequency chart for the lipping of the humeral trochlea for each sample. Males 
and females included.  
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The frequency distribution of the porosity of the superior tibial condyles (Figure 
48; Figure 49) for the Nutwood and Rosedale Mound sample changes when males are 
included. When males are included score 1 (48.6%) has the most individuals compared to 
the chart with only females where score 0 (48.1%) has the highest percentage of 
individuals. The Indian Knoll and the Terry collection distributions are similar with or 
without males. The change in frequency for the Nutwood and Rosedale Mound sample 
shows that the inclusion of males increases the lower severities which may be caused by 
a change or lack of activity for males.  
The frequency distributions of the lipping of the superior tibial condyles (Figure 
50; Figure 51) for the Indian Knoll sample and the Terry collection change when males 
are included. Indian Knoll has higher percentage of individuals with a score of 1 (34.4%) 
when males are included and the Terry collection has an increase of individuals with a 
score of 2 (12.5%) when only females are observed. With the addition of males the 
percentage of individuals with higher severities goes up for the Nutwood and Rosedale 
Mound sample (4.5% for score 3) and the Indian Knoll sample (3.1% for score 2). These 
charts show that sex does influence the severity of lipping of the superior tibial condyles.  
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Figure 48. Frequency chart for the porosity of the superior tibial condyles for each 
sample. Females only. . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 49. Frequency chart for the porosity of the superior tibial condyles for each 
sample. Males and female included.  
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Figure 50. Frequency of the lipping on the superior tibial condyles for each sample. 
Females only. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 51. Frequency chart for lipping of the superior tibial condyle for each sample. 
Males and females included.  
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Males versus Females  
 There are more males than females in this study so the differences in number are 
expected instead; the focus is on the frequency distribution of the scores within the sexes 
based on percentages. The presence or absence of the scapular supraglenoid articular 
facet (Figure 52) shows the same distribution for both males (61.6%) and females 
(62.5%) where a higher percentage of individuals do not have the facet. From these 
percentages sex does not influence the presence or absence of a supraglenoid articular 
facet.  
The osteoarthritis of the scapular glenoid fossa (Figure 53) for males has a peak at 
score 1 (47.6%) while females have a peak at score 2 (38.6%). This shows that females 
tend to have more severe osteoarthritis of the glenoid fossa than males. 
 
 
 
 
  
 
 
 
 
Figure 52. Frequency chart for the presence or absence of the scapular supraglenoid 
articular facet for both males and females from all three samples.  
 
 
0
10
20
30
40
50
60
70
0 1
Score
%
Males [1]
Females [2]
 
81 
 
 
 
 
 
 
 
 
 
Figure 53. Frequency chart for osteoarthritis of the scapular glenoid fossa for both males 
and females from all three samples.  
 
The distribution of the porosity of the humeral olecranon fossa (Figure 54) is 
similar for males and females but males have a higher percentage of individuals with a 
score of 1 (48.8%). Males and females differ in the frequency of the lipping of the 
humeral trochlea (Figure 55). Males have a drastic drop in the percentage of individuals 
going from score 1 (41.1%) to score 2 (4.9%). Females also have a drop in the number of 
individuals at score 2 (15.9%) but it is not nearly as dramatic as the one seen in males. 
This shows a decline in the amount of activity males were participating in that leads to 
lipping of the humeral trochlea which may be due to age, subsistence, or other cultural 
traditions.  
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Figure 54. Frequency chart for the porosity of the humeral olecranon fossa for both males 
and females from all three samples.  
  
 
 
 
 
 
 
 
 
 
 
Figure 55. Frequency chart for the lipping of the humeral trochlea for both males and 
females from all three samples.  
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Males and females have similar frequencies for the porosity of the superior tibial 
condyles (Figure 56). The frequency shows a peak at score 1 (males = 48%, females = 
47%) with a dramatic decrease to score 2 (males = 8.4%, females = 8.2%) and a slight 
decrease to score 3. The lipping of the superior tibial condyles (Figure 57) is similar for 
both males and females. The distribution has the most individuals with a score of 0 
(males = 51.1%, females = 64.1%) and steadily decreasing to score 3 (males = 4.4%, 
females = 1.9%) with the smallest percentage of individuals. This gradual decrease is 
expected when age is highly correlated with the feature because the older someone gets 
the less active they tend to become.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure 56. Frequency chart of porosity of the superior tibial condyles for both males and 
females from all three samples.  
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Figure 57. Frequency chart of lipping of the superior tibial condyles for both males and 
females from all three samples.  
 
 
Chi Square, Crosstabulation, and Cramer’s V 
Age versus Features 
 The age versus feature crosstabulation analysis included all three samples and 
both male and females. Since age has a high correlation with osteoarthritis it is expected 
to be significant with all the features.  
The supraglenoid articular facet was scored as either present (1) or absent (0) and 
it was found not significant on both the right and the left sides. The chi square analysis 
gave significant values of p = .321 (Table 2) for the right side and p = .054 (Table 3) for 
the left side. The expected and actual counts for the right facet are very similar except for 
the adult age range where there are twice as many individuals with the feature (score 1) 
than expected (Table 4). The expected and actual counts for the left facet are similar 
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Chi-Square Tests
4.684a 4 .321
4.413 4 .353
93
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
3 cells (30.0%) have expected count less than 5. The
minimum expected count is 1.40.
a. 
Chi-Square Tests
9.306a 4 .054
10.860 4 .028
94
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
4 cells (40.0%) have expected count less than 5. The
minimum expected count is 1.91.
a. 
except for the adult age range where there are no individuals without the feature (score 0) 
but there are 5 individuals with the feature (score 1) (Table 5). Cramer’s V is considered 
not significant because the chi square p value for both the right (Table 6) and left (Table 
7) sides are greater than .05, also the distribution is random and there is no association 
between the feature and the age ranges.  
 
Table 2. Chi square analysis for the scapular supraglenoid articular facet on the right side. 
 
 
 
 
 
 
 
Table 3. Chi square analysis for the scapular supraglenoid articular facet for the left side.  
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AgeRange * GlenoidFacetLeft Crosstabulation
3 3 6
3.7 2.3 6.0
21 10 31
19.1 11.9 31.0
19 11 30
18.5 11.5 30.0
15 7 22
13.6 8.4 22.0
0 5 5
3.1 1.9 5.0
58 36 94
58.0 36.0 94.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1
GlenoidFacetLeft
Total
 
Table 4. Crosstabulation table showing expected and actual counts for each age range and 
presence or absence of the right scapular supraglenoid articular facet.  
AgeRange * GlenoidFacetRight Crosstabulation
4 1 5
3.6 1.4 5.0
18 9 27
19.5 7.5 27.0
25 6 31
22.3 8.7 31.0
17 6 23
16.6 6.4 23.0
3 4 7
5.0 2.0 7.0
67 26 93
67.0 26.0 93.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1
GlenoidFacetRight
Total
 
 
Table 5. Crosstabulation table showing expected and actual counts for each age group 
and the presence or absence of the left scapular supraglenoid articular facet. 
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Symmetric Measuresc
.315 .054
.315 .054
94
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Symmetric Measuresc
.224 .321
.224 .321
93
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Table 6. Cramer’s V value showing the amount of variation due to age for the right 
scapular supraglenoid articular facet.  
 
 
 
 
 
 
 
 
 
 
Table 7. Cramer’s V value showing the amount of variation due to age for the left 
scapular supraglenoid articular facet.  
 
 
 
 
 
 
 
The chi square analysis of the osteoarthritis of the right glenoid fossa was found 
to be significant with a p value of .000 (Table 8). Score 0 and score 3 for all age ranges 
have similar actual and expected values. In age ranges 2 and 3 for the score of 1 there is a 
higher number of individuals than expected, but for the score of 2 there is a lower number 
than expected. Age range 4 is quite the opposite, instead there is a higher number of 
individuals than expected for score 2, but a lower number than expected for score 1 
(Table 9).The Cramer’s V value for the OA of the right glenoid fossa is .366 which 
means that 13% of the variation is due to age (Table 10).  
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Chi-Square Tests
37.272a 12 .000
33.806 12 .001
93
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
14 cells (70.0%) have expected count less than 5. The
minimum expected count is .27.
a. 
AgeRange * OAGlenoidRight Crosstabulation
2 2 1 0 5
.3 2.3 2.2 .3 5.0
2 16 9 1 28
1.8 12.6 12.0 1.5 28.0
0 19 10 2 31
2.0 14.0 13.3 1.7 31.0
0 3 18 1 22
1.4 9.9 9.5 1.2 22.0
2 2 2 1 7
.5 3.2 3.0 .4 7.0
6 42 40 5 93
6.0 42.0 40.0 5.0 93.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
OAGlenoidRight
Total
Symmetric Measures
.633 .000
.366 .000
93
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Table 8. Chi square analysis for the osteoarthritis of the right scapular glenoid fossa. 
 
 
 
 
 
Table 9. Crosstabulation table showing expected and actual counts for each age group 
and severity of osteoarthritis of the right scapular glenoid fossa.  
 
 
Table 10. Cramer’s V value showing the amount of variation due to age for the 
osteoarthritis of the right scapular glenoid fossa 
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Chi-Square Tests
43.156a 12 .000
46.870 12 .000
95
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
12 cells (60.0%) have expected count less than 5. The
minimum expected count is .16.
a. 
 
The osteoarthritis of the glenoid fossa on the left side has a p value of .000 (Table 
11). For age range 1 score 0 there are 3 times as many individuals than expected with 4 
observed and only 1.3 expected. For age range 2 both scores 0 and 1 have more 
individuals then are expected with 11 and 17 respectively while score 3 had 2 individuals 
with an expected amount of 9. For age range 3 the expected matched the observed values 
for scores 2 and 3 while score 1 had more than expected and score 0 had less than 
expected. Age range 4 has lower than expected numbers for scores 0 and 1 with observed 
values of 0 and 4 but expected values of 4.6 and 9.3. The score of 2 for age range 4 has 
over twice as many individuals than expected with an observed value of 16 and an 
expected value of 6.4. For the adult age range the score of 1 had half as many individuals 
as expected and score 2 had twice as many individuals as expected (Table 12). The 
Cramer’s V value for the osteoarthritis of the left glenoid is .389 which means that 15.1% 
of the variation is accounted for by the age (Table 13). 
 
Table 11. Chi square analysis for the osteoarthritis of the left scapular glenoid fossa. 
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AgeRange * OAGlenoidLeft Crosstabulation
4 2 0 0 6
1.3 2.7 1.8 .2 6.0
11 17 2 1 31
6.9 13.7 9.5 1.0 31.0
5 18 8 1 32
7.1 14.1 9.8 1.0 32.0
0 4 16 1 21
4.6 9.3 6.4 .7 21.0
1 1 3 0 5
1.1 2.2 1.5 .2 5.0
21 42 29 3 95
21.0 42.0 29.0 3.0 95.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
OAGlenoidLeft
Total
Symmetric Measuresc
.674 .000
.389 .000
95
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Table 12. Crosstabulation table showing expected and actual counts for each age range 
and severity of osteoarthritis of the left scapular glenoid fossa. 
 
Table 13. Cramer’s V value showing amount of variation due to age for the osteoarthritis 
of the left scapular glenoid fossa.  
 
 
 
 
 
 
 
The chi square analysis shows that age is significantly associated with the 
porosity found on the right and left olecranon fossae with a p value of .007 (Table 14) 
and .000 (Table 15) respectively. For the porosity of the right olecranon fossa it was 
found that for age range 1 (less than 20 years old) there were more individuals with no 
porosity (score of 0) than was expected while scores of porosity 1, 2, and 3 had less 
 
91 
Chi-Square Tests
27.401a 12 .007
25.415 12 .013
256
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
6 cells (30.0%) have expected count less than 5. The
minimum expected count is 1.59.
a. 
Chi-Square Tests
39.802a 12 .000
37.613 12 .000
256
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
6 cells (30.0%) have expected count less than 5. The
minimum expected count is 1.38.
a. 
individuals than expected. For age range 2 (21 to 40 years old) it is expected to have 
roughly 5 individuals at the most severe score (3) but instead there are only 2 individuals 
in that age range which is less than half of the expected value (Table 16). Cramer’s V was 
also performed to show how much variation is accounted for by age. For the porosity on 
the right side Cramer’s V value was .189 which means 3.5% of the variation is due to age 
(Table 17).  
 
Table 14. Chi square analysis of the porosity of the right humeral olecranon fossa.  
 
 
 
 
 
 
Table 15. Chi square analysis of the porosity of the left humeral olecranon fossa.  
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Symmetric Measuresc
.327 .007
.189 .007
256
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Table 16. Crosstabulation table showing expected and actual counts for each age group 
and the porosity of the right humeral olecranon fossa.  
Crosstab
13 7 4 0 24
5.0 10.9 6.6 1.6 24.0
16 34 18 2 70
14.5 31.7 19.1 4.6 70.0
12 34 22 6 74
15.3 33.5 20.2 4.9 74.0
5 18 7 2 32
6.6 14.5 8.8 2.1 32.0
7 23 19 7 56
11.6 25.4 15.3 3.7 56.0
53 116 70 17 256
53.0 116.0 70.0 17.0 256.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
PorOlecrenonRight
Total
 
Table 17. Cramer’s V value showing the amount of variation is due to age for the 
porosity of the right humeral olecranon fossa. 
 
 
 
 
 
 
 
The porosity on the left side at age range 1 for the score of 0 had an expected 
value of 4.3 with an actual value of 13 which is three times higher than expected. For age 
range 2 both the actual values of scores 0 and 1 were higher than expected and the scores 
of 2 and 3 were lower than expected with the score of 3 having only half the amount (2 
individuals) than expected. In the age range of adult (those individuals that could not be 
aged at the time of this research) the expected values of scores 2 and 3 were much lower 
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than what was actually found which were 20 and 7 respectively (Table 18). The Cramer’s 
V value of the porosity on the left is .228 which means that 5.1% of the variation of this 
feature is accounted for by age (Table 19).  
 
Table 18. Crosstabulation table showing expected and actual counts for each age range 
and the porosity of the left humeral olecranon fossa.  
Crosstab
13 6 3 0 22
4.3 10.4 5.9 1.4 22.0
16 40 13 2 71
13.9 33.6 19.1 4.4 71.0
12 34 24 4 74
14.5 35.0 19.9 4.6 74.0
6 14 9 3 32
6.3 15.1 8.6 2.0 32.0
3 27 20 7 57
11.1 26.9 15.4 3.6 57.0
50 121 69 16 256
50.0 121.0 69.0 16.0 256.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
PorOlecrenonLeft
Total
 
 
Table 19. Cramer’s V value showing the amount of variation that is due to age for the 
porosity of the left humeral olecranon fossa. 
 
 
 
Symmetric Measuresc 
.394 .000
.228 .000
256
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null 
hypothesis.
b. 
Correlation statistics are available for numeric data only. c. 
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Chi-Square Tests
27.317a 12 .007
29.225 12 .004
193
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
8 cells (40.0%) have expected count less than 5. The
minimum expected count is .91.
a. 
The lipping of the humeral trochlea, which is one aspect of osteoarthritis of the 
elbow, for both left and right had Chi Square significance values of .007 (Table 20) and 
.000 (Table 21) respectively. The lipping of the right humeral trochlea in age range 1 had 
a higher than expected value for the score of 0 while scores 1 and 3 were less than 
expected. Age range 2 had similar expected and actual values and so did age range 3 with 
the exception of score 2 where the actual number observed was 65% less than what was 
expected. Age range 4 had similar actual and expected values whereas the age range of 
adult had almost twice as many actual individuals for scores 2 and 3 than what was 
expected (Table 22). Cramer’s V for the lipping of the right trochlea is .217 which means 
that 4.7% of the variation seen is due to age (Table 23). The left trochlea saw higher than 
expected values for age range 1 and 3 with score 0, age range 4 with score 3, and adult 
with scores 1, 2, and 3. The lower than expected values were in the adult age range with 
score 0, and age ranges 1 and 4 with score 2 (Table 24). Cramer’s V for the left trochlea 
is .252 which means that 6.3% of the variation is accounted for by age (Table 25).   
 
Table 20. Chi square analysis for the lipping of the right humeral trochlea. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
95 
Chi-Square Tests
35.859a 12 .000
36.115 12 .000
188
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
10 cells (50.0%) have expected count less than 5. The
minimum expected count is .51.
a. 
Symmetric Measuresc
.376 .007
.217 .007
193
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Table 21. Chi square analysis for the lipping of the left humeral trochlea.  
 
 
 
 
 
 
 
 
 
 
 
 
Table 22. Crosstabulation table showing expected and actual counts for each age group 
and the lipping of the right humeral trochlea. 
Crosstab
17 3 2 0 22
10.7 8.1 2.3 .9 22.0
24 21 5 0 50
24.4 18.4 5.2 2.1 50.0
29 22 2 2 55
26.8 20.2 5.7 2.3 55.0
11 6 2 3 22
10.7 8.1 2.3 .9 22.0
13 19 9 3 44
21.4 16.2 4.6 1.8 44.0
94 71 20 8 193
94.0 71.0 20.0 8.0 193.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
LipTrochleaRight
Total
 
 
 
Table 23. Cramer’s V value showing the amount of variation that is due to age for the 
lipping of the right humeral trochlea.  
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Crosstab
14 5 0 0 19
9.5 7.7 1.3 .5 19.0
24 24 4 0 52
26.0 21.0 3.6 1.4 52.0
34 19 2 0 55
27.5 22.2 3.8 1.5 55.0
12 8 0 3 23
11.5 9.3 1.6 .6 23.0
10 20 7 2 39
19.5 15.8 2.7 1.0 39.0
94 76 13 5 188
94.0 76.0 13.0 5.0 188.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
LipTrochleaLeft
Total
Symmetric Measuresc
.437 .000
.252 .000
188
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Table 24. Crosstabulation table showing expected and actual counts for each age group 
and the lipping of the left humeral trochlea. 
 
Table 25. Cramer’s V value showing the amount of variation that is due to age for the 
lipping of the left humeral trochlea.  
 
 
 
 
 
 
 
 
The osteoarthritis of the tibia was separated into porosity and lipping. For the 
porosity on the right tibia the correlation with age was found to be significant (p = .002) 
(Table 26) while the porosity on the left was found to be not significant (p = .072) (Table 
27). The interesting thing that may explain the difference between the sides is that the 
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Chi-Square Tests
31.739a 12 .002
33.694 12 .001
243
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
8 cells (40.0%) have expected count less than 5. The
minimum expected count is .59.
a. 
distribution over the scores is similar for the both the left and right, but the distribution 
over the age groups is different and may account the higher significance value of the left 
tibia.  
 
Table 26. Chi square analysis for the porosity of the right superior tibial condyle. 
 
 
 
 
 
 
Table 27. Chi square analysis for the porosity of the left superior tibial condyles.  
Chi-Square Tests
19.751a 12 .072
22.146 12 .036
231
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
9 cells (45.0%) have expected count less than 5. The
minimum expected count is .48.
a. 
 
 
 
The expected and actual counts for the porosity on the right tibial condyles for age 
group 1 were similar except for the score of 0 were there are almost two times as many 
individuals that were observed than were expected. For age range 2 none of the expected 
values matched the observed values with expected values of 28 for score 0, 32.7 for score 
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1, 5 for score 2, and 2.2 for score 3 but actual values of 37 for score 0, 28 for score 1, 3 
for score 2, and 0 for score 3. For age range 3 none of the values matched with an 
expected value of 30.9 for score 0 and an actual value of 24, an expected value of 36.1 
with an actual value of 44 for score 1, and an expected value of 2.2 with an actual value 
of 0 for score 3. For age range 4 the numbers for the actual and expected values are 
similar except for the score of 3 where there is an expected value of 1.1 with an actual 
amount of 4 individuals (Table 28). Cramer’s V for the porosity of the right tibia is .209 
which means that 4.3% of the variation is accounted for by age (Table 29). The findings 
for the porosity of the left tibia were not significant and therefore will not be described in 
this section.  
Table 28. Crosstabulation table showing expected and actual counts for each age range 
and the porosity of the right tibial condyles.  
Crosstab
12 6 0 0 18
7.4 8.7 1.3 .6 18.0
37 28 3 0 68
28.0 32.7 5.0 2.2 68.0
24 44 7 0 75
30.9 36.1 5.6 2.5 75.0
11 15 3 4 33
13.6 15.9 2.4 1.1 33.0
16 24 5 4 49
20.2 23.6 3.6 1.6 49.0
100 117 18 8 243
100.0 117.0 18.0 8.0 243.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
OATibiaRight
Total
 
 
 
 
 
 
 
 
 
99 
Symmetric Measuresc
.361 .002
.209 .002
243
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Table 29. Cramer’s V value showing the amount of variation that is due to age for the 
porosity of the right tibial condyles.  
 
 
 
 
 
 
 
 
Both the lipping of the right and left tibias are found to be significant with Chi 
square p values of .000 (Table 30) and .002 (Table 31) respectively. For the lipping of the 
right tibia, age range 1 had actual values of 14 and 0 for scores 0 and 1 with expected 
values of 7.3 and 4.9. Age range 2 showed variation from expected values for scores 0, 2, 
and 3. The expected score for age range 2 score 0 was 26, score 2 was 4.3, and score 3 
was 2, but the actual values were 35 for score 0, 1 for score 2, and 0 for score 3. Age 
range 3 also had an expected value of 2 for score 3 with an actual value of 0 but, unlike 
age range 2; age range 3 also had higher than expected numbers for scores 1 and 2. Age 
range 4 had higher than expected values for scores 2 and 3, but a lower than expected 
value for score 0 with only 9 individuals. The adult age range had higher than expected 
values for scores 1 and 3 but a lower than expected number for score 0 which is similar to 
the distribution of age range 4 (Table 32). The Cramer’s V value for the lipping on the 
right is .283 which means that 8% of the variation is due to age (Table 33).  
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Chi-Square Tests
41.624a 12 .000
49.321 12 .000
173
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
11 cells (55.0%) have expected count less than 5. The
minimum expected count is .57.
a. 
Table 30. Chi square analysis of the lipping of the right superior tibial condyles. 
 
 
 
 
 
Table 31. Chi square analysis of the lipping of the left superior tibial condyles.  
Chi-Square Tests
31.362a 12 .002
38.134 12 .000
167
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
11 cells (55.0%) have expected count less than 5. The
minimum expected count is .34.
a. 
 
 
Table 32. Crosstabulation table showing expected and actual counts for each age group 
and the lipping of the right superior tibial condyles. 
 
Crosstab
14 0 0 0 14
7.3 4.9 1.2 .6 14.0
35 14 1 0 50
26.0 17.6 4.3 2.0 50.0
22 21 6 0 49
25.5 17.3 4.2 2.0 49.0
9 11 4 3 27
14.0 9.5 2.3 1.1 27.0
10 15 4 4 33
17.2 11.6 2.9 1.3 33.0
90 61 15 7 173
90.0 61.0 15.0 7.0 173.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
LipTibiaRight
Total
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Symmetric Measuresc
.491 .000
.283 .000
173
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Table 33. Cramer’s V value showing the amount of variation that is due to age for the 
lipping of the right superior tibial condyles.  
 
 
 
 
 
 
 
The distribution over the severity scores for the lipping on the left tibia is similar 
to that of the right tibia. For the left tibia at age range 1 there are almost twice as many 
individuals with a score of 0 that expected, but there are no individuals with a score of 1 
even though the expected number was 4. For age range 2 there are 39 individuals with a 
score of 0 but an expected value of only 32.4 and there are no individuals with a score of 
2 but the expected value is 3.4. Age range 3 has more individuals than expected for score 
1 and 2 but less individuals than expected for score 0 while age range 4 is similar in all 
the expected and actual scores. The adult age range has more than expected individuals in 
scores 2 and 3 but less than expected for score 0 (Table 34). The Cramer’s V value for 
the lipping of the left tibia is .250 which means that 6.2% of the variation is due to age 
(Table 35). 
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Symmetric Measuresc
.433 .002
.250 .002
167
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Correlation statistics are available for numeric data only.c. 
Table 34. Crosstabulation table showing expected and actual counts for each age group 
and the lipping of the left superior tibial condyles. 
 
Crosstab
14 0 0 0 14
8.7 4.0 .9 .3 14.0
39 13 0 0 52
32.4 14.9 3.4 1.2 52.0
25 19 4 0 48
29.9 13.8 3.2 1.1 48.0
12 7 2 2 23
14.3 6.6 1.5 .6 23.0
14 9 5 2 30
18.7 8.6 2.0 .7 30.0
104 48 11 4 167
104.0 48.0 11.0 4.0 167.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
3
4
Adult
AgeRange
Total
0 1 2 3
LipTibiaLeft
Total
 
 
 
 
 
 
 
 
Table 35. Cramer’s V value showing the amount of variation that is due to age for the 
lipping of the left superior tibial condyles.  
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Chi-Square Tests
7.944a 6 .242
8.804 6 .185
40
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
8 cells (66.7%) have expected count less than 5. The
minimum expected count is .05.
a. 
Samples versus Features 
 For the samples versus features analysis all three samples, with females only 
(n=130), were run against each feature to see if any feature is associated with a particular 
sample. This would in turn support the idea that the feature is associated with the type of 
activity and subsistence that the individuals at that sample participated in. The statistics 
were only run on females because of the focus of the research and if an individual had the 
feature on both the right and left but each side was a different score they were counted 
twice; once for each side and each score. The samples had to be recoded into letters for 
SPSS where A represents Nutwood and Rosedale Mounds, B represents Indian Knoll, 
and C represents the Terry collection. The sample and feature associations that were 
found to be not significant are the OA of both the right (Table 36) and left glenoid fossae 
(Table 37), the porosity of both the right (Table 38) and left olecranon fossae (Table 39), 
the porosity of the right tibia (Table 40), and the lipping of both the right (Table 41) and 
left tibias (Table 42).  
 
Table 36. Chi square analysis for the osteoarthritis of the right scapular glenoid fossa. 
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Chi-Square Tests
7.907a 6 .245
8.450 6 .207
42
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
7 cells (58.3%) have expected count less than 5. The
minimum expected count is .10.
a. 
Chi-Square Tests
6.079a 6 .414
5.571 6 .473
107
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
5 cells (41.7%) have expected count less than 5. The
minimum expected count is 1.05.
a. 
Chi-Square Tests
4.810a 6 .568
4.735 6 .578
108
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
4 cells (33.3%) have expected count less than 5. The
minimum expected count is 1.57.
a. 
Chi-Square Tests
8.867a 6 .181
8.879 6 .181
101
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
5 cells (41.7%) have expected count less than 5. The
minimum expected count is .34.
a. 
Table 37. Chi square analysis for the osteoarthritis of the left scapular glenoid fossa. 
 
 
 
 
 
Table 38. Chi square analysis for the porosity of the right humeral olecranon fossa. 
 
 
 
 
 
Table 39. Chi square analysis for the porosity of the left humeral olecranon fossa.  
 
 
 
 
 
Table 40. Chi square analysis for the porosity of the right superior tibial condyles.  
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Chi-Square Tests
3.619a 6 .728
4.754 6 .576
70
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
7 cells (58.3%) have expected count less than 5. The
minimum expected count is .16.
a. 
Chi-Square Tests
12.251a 6 .057
14.482 6 .025
72
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
8 cells (66.7%) have expected count less than 5. The
minimum expected count is .15.
a. 
Table 41. Chi square analysis for the lipping of the right superior tibial condyles. 
 
 
 
 
 
Table 42. Chi square analysis for the lipping of the left superior tibial condyles.  
 
 
 
 
 
 
One of the features that is found to be significant are the supraglenoid articular 
facets on both the right and left scapulas with p values of .001 (Table 43) and .003 (Table 
44) respectively. For the right facet the Indian Knoll sample (B) only had one individual 
which makes it difficult to conclude anything from this information. The Nutwood and 
Rosedale Mound sample (A) has half the amount of individuals than is expected for those 
who did not possess the facet (score of 0) and three times the amount of individuals with 
the facet. The Terry collection (C) had more than expected when it came to individuals 
without the facet and only 2 individuals with the facet with an expected value of 6.9 
(Table 45). Cramer’s V for the right facet is .605 which means that about 36% of the 
variation is accounted for by the sample (Table 46). 
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Chi-Square Tests
14.649a 2 .001
14.866 2 .001
40
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
3 cells (50.0%) have expected count less than 5. The
minimum expected count is .28.
a. 
Chi-Square Tests
11.651a 2 .003
12.034 2 .002
43
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
2 cells (33.3%) have expected count less than 5. The
minimum expected count is 1.49.
a. 
Crosstab
5 9 14
10.2 3.9 14.0
1 0 1
.7 .3 1.0
23 2 25
18.1 6.9 25.0
29 11 40
29.0 11.0 40.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
A
B
C
Sample
Total
0 1
GlenoidFacetRight
Total
Table 43. Chi square analysis for the presence or absence of the right supraglenoid 
articular facet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 44. Chi square analysis for the presence or absence of the left supraglenoid 
articular facet.   
 
 
 
 
 
Table 45. Crosstabulation table showing the expected and actual values for each sample 
and the presence or absence of the right supraglenoid articular facet.  
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Symmetric Measures
.605 .001
.605 .001
40
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Crosstab
5 9 14
8.8 5.2 14.0
1 3 4
2.5 1.5 4.0
21 4 25
15.7 9.3 25.0
27 16 43
27.0 16.0 43.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
A
B
C
Sample
Total
0 1
GlenoidFacetLeft
Total
Table 46. Cramer’s V value showing the amount of variation between the samples that 
can be accounted for by the presence or absence of the right supraglenoid articular facet.  
 
 
 
 
 
 
For the left supraglenoid facet there is a total of 4 individuals from the Indian 
Knoll sample. The expected number of individuals with the facet is 1.5 and with the facet 
it is 2.5, but the actual number of individuals observed with the facet is 3 and without the 
facet is only 1. The Nutwood and Rosedale Mound sample is similar to the Indian Knoll 
sample because it has 5 individuals without the feature when the expected value is 8.8 
and 9 individuals with the feature when the expected value is 5.2. The Terry collection 
was found to be the opposite from both the Indian Knoll and Nutwood and Rosedale 
Mounds because it had more individuals than expected without the facet and less than 
expected with the facet (Table 47). The Cramer’s V value for the left facet is .521 which 
means that 27% of the variation is accounted for by the sample (Table 48). 
Table 47. Crosstabulation table shows the expected and actual counts for each sample and 
the presence or absence of the left supraglenoid articular facet. 
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Symmetric Measures
.521 .003
.521 .003
43
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Table 48. Cramer’s V value shows the amount of variation between the sample that can 
be accounted for by the presence or absence of the left supraglenoid articular facet.    
  
 
 
 
 
 
 
Another feature that is found to be significant is the lipping of the right and left 
trochlea which have p values of .001 for both sides (Right, Table 49; Left, Table 50). For 
the Indian Knoll sample there are twelve individuals that were observed for the right 
trochlea. For the score of 0 there are more individuals than expected while for the score 
of 2 there are less than expected. Nutwood and Rosedale Mounds did not have similar 
expected or actual values for any of the scores. For score 0 there are 15 individuals when 
the expected value is 25.1, score 1 had 25 individuals when the expected value was 21.1, 
score 2 had 14 individuals when the expected value was only 9, and score 3 had 4 
individuals when the expected value was 2.6. The Terry collection had two times as many 
individuals for score 0 than what is expected and less than expected values for scores 1 
and 2 (Table 51). Cramer’s V for the lipping of the right trochlea is .365 which means 
that 13% of the variation is accounted for by the sample (Table 52). 
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Chi-Square Tests
21.593a 6 .001
25.646 6 .000
91
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
5 cells (41.7%) have expected count less than 5. The
minimum expected count is .57.
a. 
Chi-Square Tests
23.936a 6 .001
29.320 6 .000
90
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
6 cells (50.0%) have expected count less than 5. The
minimum expected count is .53.
a. 
Crosstab
15 25 14 4 58
25.1 21.3 9.0 2.6 58.0
8 4 0 0 12
5.2 4.4 1.9 .5 12.0
16 4 0 0 20
8.7 7.3 3.1 .9 20.0
39 33 14 4 90
39.0 33.0 14.0 4.0 90.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
A
B
C
Sample
Total
0 1 2 3
LipTrochleaRight
Total
Table 49. Chi square analysis for the lipping of the right humeral trochlea. 
 
 
 
 
 
Table 50. Chi square analysis for the lipping of the left humeral trochlea. 
 
 
 
 
 
 
Table 51. Crosstabulation table showing the expected and actual counts for each sample 
and the lipping of the right humeral trochlea. 
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Symmetric Measures
.516 .001
.365 .001
90
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Crosstab
17 29 10 4 60
27.0 23.7 6.6 2.6 60.0
10 3 0 0 13
5.9 5.1 1.4 .6 13.0
14 4 0 0 18
8.1 7.1 2.0 .8 18.0
41 36 10 4 91
41.0 36.0 10.0 4.0 91.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
A
B
C
Sample
Total
0 1 2 3
LipTrochleaLeft
Total
 
Table 52. Cramer’s V value showing the amount of variation that is accounted for by the 
lipping of the right humeral trochlea.  
 
 
 
 
 
 
The lipping of the left trochlea was also significant (p = .001) and it was found to 
have an almost identical distribution to the right trochlea. The Indian Knoll sample had 
almost twice as many individuals with a score of 0 than expected. The Nutwood and 
Rosedale Mounds had higher than expected values for scores 1, 2, and 3 while score 0 
was less than expected. The Terry collection have no individuals with scores of 2 or 3, 
but they have almost twice as many individuals with a score of 0 than expected and half 
as many individuals with a score of 1 than expected (Table 53). Cramer’s V for the left 
trochlea is .344 which means that almost 12% of the variation is accounted for by the 
sample (Table 54). 
Table 53. Crosstabulation table showing the expected and actual counts for each sample 
and the lipping of the left humeral trochlea.  
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Symmetric Measures
.487 .001
.344 .001
91
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
Chi-Square Tests
14.475a 4 .006
13.277 4 .010
98
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
3 cells (33.3%) have expected count less than 5. The
minimum expected count is 1.10.
a. 
 
Table 54. Cramer’s V value showing the amount of variation that is accounted for by the 
lipping of the left humeral trochlea.  
 
 
 
 
 
 
 
 The final feature that is found to be significant is the porosity of the left tibia with 
a p value of .006 (Table 55). No individuals from any of the three samples were found to 
have lipping on the left tibia to warrant a severity score of 3 so it is not included in the 
chart. The Indian Knoll sample had similar expected and actual values for scores 0, 1, and 
2. The Nutwood and Rosedale Mound sample has a higher number of individuals than 
expected for the score of 0, but a lower than expected number for score 2. The Terry 
collection has a lower than expected number of individuals for score 0 but a higher than 
expected number for score 2 (Table 56). Cramer’s V for the porosity of the left tibia is 
.272 which means that 7.4% of the variation is accounted for by the sample (Table 57).  
 
Table 55. Chi square analysis for the porosity of the left superior tibial condyles.  
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Symmetric Measures
.384 .006
.272 .006
98
Phi
Cramer's V
Nominal by
Nominal
N of Valid Cases
Value Approx. Sig.
Not assuming the null hypothesis.a. 
Using the asymptotic standard error assuming the null
hypothesis.
b. 
 
Table 56. Crosstabulation table showing the expected and actual counts for each sample 
and the porosity of the left superior tibial condyles.  
Crosstab
31 24 1 56
28.0 24.6 3.4 56.0
11 7 0 18
9.0 7.9 1.1 18.0
7 12 5 24
12.0 10.5 1.5 24.0
49 43 6 98
49.0 43.0 6.0 98.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
Count
Expected Count
A
B
C
Sample
Total
0 1 2
OATibiaLeft
Total
 
 
 
 
Table 57. Cramer’s V value showing the amount of variation that is accounted for by the 
porosity of the left superior tibial condyles.  
 
 
 
 
 
 
 
 
 
 
 
 
Sex versus Features 
 For the sex versus features analysis the sexes were recoded for SPSS into 1 
representing males and 2 representing females. The sexes were run against all the features 
and only one was found to be significant. The lipping of the left tibia is found to be 
significant with a p value of .05 (Table 58). For males (1) there are more individuals with 
scores 1, 2, and 3 but there are fewer individuals with a score of 0 than expected. For 
females (2) it is the opposite with a higher percentage of individuals with a score of 0 and 
lower percentage of individuals with scores of 1 and 2 than expected (Table 59).  
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Chi-Square Tests
7.807a 3 .050
8.162 3 .043
167
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
3 cells (37.5%) have expected count less than 5. The
minimum expected count is 1.72.
a. 
Crosstab
51 32 9 3 95
59.2 27.3 6.3 2.3 95.0
53 16 2 1 72
44.8 20.7 4.7 1.7 72.0
104 48 11 4 167
104.0 48.0 11.0 4.0 167.0
Count
Expected Count
Count
Expected Count
Count
Expected Count
1
2
Sex
Total
0 1 2 3
LipTibiaLeft
Total
Table 58. Chi square analysis for the lipping of the left superior tibial condyles. 
 
 
 
 
 
Table 59. Crosstabulation table showing the expected and actual counts for males and 
females, and the lipping of the left superior tibial condyle.  
 
 
Analysis of Covariance (ANCOVA) 
 The ANCOVA analysis included both males and females from all three sites and 
from age groups 1, 2, 3, and 4. The ANCOVA gives a significant value (p) for the 
covariate (age) and a significant value (p) for each feature. It is expected that the p values 
for age are less than .05 which is highly significant. If the p value for the sample is also 
less than .05 then the feature is also highly associated with the sample and can account 
for some of the variation within and between the samples.  
 The supraglenoid articular facet is the only feature that is not associated with age 
which can be seen by the age p values of the right (p = .425) (Table 60) and left (p = 
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Tests of Between-Subjects Effects 
Dependent Variable: GlenoidFacetRight
2.988a 3 .996 6.103 .001
.272 1 .272 1.666 .200
.105 1 .105 .641 .426
2.959 2 1.479 9.064 .000
13.384 82 .163
22.000 86
16.372 85
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total 
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .183 (Adjusted R Squared = .153)a. 
Tests of Between-Subjects Effects 
Dependent Variable: GlenoidFacetLeft 
3.412a 3 1.137 5.757 .001
.437 1 .437 2.213 .141
.290 1 .290 1.467 .229
3.372 2 1.686 8.536 .000
16.791 85 .198
31.000 89
20.202 88
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total 
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .169 (Adjusted R Squared = .140)a. 
.229) sides (Table 61). The p value for the sample and the right supraglenoid articular 
facet shows that the feature accounts for all most all of the variation between the samples. 
This is also the same for the left side and shows that the presence or absence of the facet 
is highly correlated with a specific sample. The strong correlation between the samples 
and the supraglenoid articular facets supports the hypothesis which states that certain 
features are caused by differences in subsistence activities.  
Table 60. ANCOVA results for the right scapular supraglenoid articular facet. 
 
 
 
 
 
 
 
Table 61. ANCOVA results for the left scapular supraglenoid articular facet.   
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Tests of Between-Subjects Effects
Dependent Variable: OAGlenoidLeft
19.068a 3 6.356 14.642 .000
.309 1 .309 .711 .401
13.174 1 13.174 30.347 .000
.785 2 .392 .904 .409
37.332 86 .434
172.000 90
56.400 89
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .338 (Adjusted R Squared = .315)a. 
The OA of the right scapular glenoid fossa was found to be significant with both 
age and sample (Table 62) while the left scapular glenoid fossa is only associated with 
age (Table 63). This may be explained by handedness because most (80%+) of the 
modern population is right handed and it is assumed that the Indian Knoll and Nutwood 
and Rosedale Mound populations follow the similar distribution (Hawkey and Merbs 
1995). This means that more stress is put on the right arm, in particular the shoulder and 
elbow, because more individuals are right hand dominant.  
 
Table 62. ANCOVA results for the osteoarthritis of the right scapular glenoid fossa. 
 
Table 63. ANCOVA results for the osteoarthritis of the left scapular glenoid fossa.  
 
 
Tests of Between-Subjects Effects 
Dependent Variable: OAGlenoidRight
8.275a 3 2.758 7.743 .000
3.517 1 3.517 9.873 .002
5.290 1 5.290 14.849 .000
1.811 2 .906 2.542 .085
29.213 82 .356
228.000 86
37.488 85
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total 
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .221 (Adjusted R Squared = .192)a. 
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Tests of Between-Subjects Effects 
Dependent Variable: PorOlecrenonLeft
14.038a 3 4.679 7.870 .000
1.828 1 1.828 3.073 .081
11.095 1 11.095 18.659 .000
5.593 2 2.796 4.703 .010
115.952 195 .595
371.000 199
129.990 198
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total 
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .108 (Adjusted R Squared = .094)a. 
The porosity of the right humeral olecranon fossa has an age p value of .003 and a 
sample p value of .006 (Table 64). This shows that even thought age accounts for most 
off the variation between the samples, the feature is still highly associated with the 
samples. This is similar to the left humeral olecranon fossa that has an age o value of .000 
and a sample p value of .010 (Table 65). The significant p values for both the right and 
left sides indicate that the amount of porosity found in a sample can account for 
differences between the samples.  
Table 64. ANCOVA results for the porosity of the right humeral olecranon fossa. 
 
 
Table 65. ANCOVA results for the porosity of the left humeral olecranon fossa. 
Tests of Between-Subjects Effects 
Dependent Variable: PorOlecrenonRight
11.771a 3 3.924 6.298 .000
5.298 1 5.298 8.504 .004
5.509 1 5.509 8.844 .003
6.638 2 3.319 5.327 .006
122.104 196 .623
387.000 200
133.875 199
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total 
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .088 (Adjusted R Squared = .074)a. 
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Tests of Between-Subjects Effects 
Dependent Variable: LipTrochleaRight
7.479a 3 2.493 4.498 .005
.004 1 .004 .007 .933
4.492 1 4.492 8.105 .005
5.169 2 2.585 4.663 .011
80.360 145 .554
141.000 149
87.839 148
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total 
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .085 (Adjusted R Squared = .066)a. 
Tests of Between-Subjects Effects 
Dependent Variable: LipTrochleaLeft
10.757a 3 3.586 9.210 .000
.087 1 .087 .222 .638
1.837 1 1.837 4.718 .031
9.991 2 4.995 12.831 .000
56.451 145 .389
107.000 149
67.208 148
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total 
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .160 (Adjusted R Squared = .143)a. 
The lipping of the right humeral trochlea has an age p value of .005 and a sample 
p value of .011 (Table 66). The lipping of the left humeral trochlea has an age p value of 
.031 and a sample p value of .000 (Table 67). The association between the feature and 
samples is found to be significant for both the right and left trochleas. The significant p 
values for the right and left humeral olecranon fossae coupled with the significant p 
values for the right and left humeral trochlea shows that the stress put on the elbow 
accounts for differences between the samples and therefore can be associated with a 
specific subsistence.  
Table 66. ANCOVA results for the lipping of the right humeral trochlea. 
 
 
 
 
 
 
 
Table 67. ANCOVA results for the lipping of the left humeral trochlea.   
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Tests of Between-Subjects Effects
Dependent Variable: OATibiaRight
10.217a 3 3.406 7.860 .000
.001 1 .001 .003 .954
7.296 1 7.296 16.839 .000
1.911 2 .956 2.205 .113
82.325 190 .433
181.000 194
92.541 193
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .110 (Adjusted R Squared = .096)a. 
Tests of Between-Subjects Effects 
Dependent Variable: OATibiaLeft
9.976a 3 3.325 8.306 .000
.237 1 .237 .591 .443
5.006 1 5.006 12.504 .001
2.803 2 1.402 3.501 .032
74.466 186 .400
168.000 190
84.442 189
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total 
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .118 (Adjusted R Squared = .104)a. 
The porosity of the right tibial condyles is found to be not significantly correlated 
with the samples (p = .113) (Table 68), but the porosity of the left tibial condyles is found 
to be significant with the samples (p = .032) (Table 69). This shows that the porosity of 
the tibial condyle is affected more on the left side indicating a preference toward the left 
knee, but this contradicts Capasso et.al. (1999) who states that lower limb joints and 
bones are not affected unilaterally. One explanation of this could be specific sports or 
extra curricular activities that the individuals of Indian Knoll and Nutwood and Rosedale 
Mounds participated in.  
Table 68. ANCOVA results for the porosity of the right superior tibial condyles. 
 
 
 
 
 
 
 
Table 69. ANCOVA results for the porosity of the left superior tibial condyles.  
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Tests of Between-Subjects Effects
Dependent Variable: LipTibiaRight
14.585a 3 4.862 11.008 .000
2.551 1 2.551 5.776 .018
13.854 1 13.854 31.368 .000
.567 2 .283 .642 .528
60.065 136 .442
117.000 140
74.650 139
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .195 (Adjusted R Squared = .178)a. 
Tests of Between-Subjects Effects
Dependent Variable: LipTibiaLeft
7.182a 3 2.394 6.355 .000
.828 1 .828 2.197 .141
5.912 1 5.912 15.693 .000
.022 2 .011 .029 .971
50.103 133 .377
81.000 137
57.285 136
Source
Corrected Model
Intercept
AgeRange
Sample
Error
Total
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .125 (Adjusted R Squared = .106)a. 
The lipping of the right tibial condyles has an age p value of .000 and a sample p 
value of .528 (Table 70). The left tibial condyles have an age p value of .000 and a 
sample p value of .971 (Table 71). The p values for the samples show that neither the 
right of left tibial condyles has an association with the differences between the samples. 
This shows that OA of the tibial condyles does not associated with a specific subsistence 
and should not be used to discern differences in activity.  
Table 70. ANCOVA results for the lipping of the right superior tibial condyles. 
 
 
 
 
 
 
 
Table 71. ANCOVA results for the lipping of the left superior tibial condyles.  
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CHAPTER 5 
DISCUSSION AND CONCLUSION 
 
 At the beginning of this research it was known that age is highly correlated with 
osteoarthritis which is supported by the significance (p) values generated by the chi 
square analysis for all the features. The presence or absence of a supraglenoid articular 
facet on both the right and left sides was found to be not significant with age as seen in 
the chi square analysis and the ANCOVA. The percentage data pattern shows that more 
individuals have a facet on the left side which indicates a preference toward a specific 
hand and it is evidence for a unilateral activity. What can be concluded from the age 
versus feature analysis is that the supraglenoid articular facet is not associated with age; 
instead it is correlated with a specific sample and in turn is associated with those samples 
specific activities. This can be seen in the results for the chi square analysis when the 
features were tested against the samples and the ANCOVA.  
What the sample versus feature results tells us is that in the Nutwood and 
Rosedale Mound sample more individuals have a facet which means that these people 
were participating in an activity that was specific to their society. This activity may have 
had to do with food production; Capasso et al. (1999) suggests picking fruit as a possible 
cause. For the Nutwood and Rosedale mound sample activities the individuals 
participated in would have been hyperextension on the humerus during scraping hides 
both on the ground and hanging. This feature rejects one aspect of the hypothesis stated at 
the beginning of this research because this type of feature, according to the original 
hypothesis, should have only been seen in only the hunter and gatherer females. Instead, 
this feature can be seen in the Nutwood and Rosedale Mound society which has an 
agricultural subsistence as well as the Indian Knoll sample.  
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The osteoarthritis of the scapular glenoid fossa was observed as both porosity and 
lipping and only given one score. The pattern seen in the frequency of scores shows the 
most common level of severity are 1 and 2 which correlates with the findings of the 
lipping of the humeral trochlea and the porosity of the humeral olecranon fossa. This is 
expected because these two joints work together in most activities including those 
associated with both types of subsistence that are being tested in this research. The age 
ranges of the scapular glenoid fossa that have the largest number of individuals with the 
highest levels of severity are age groups 2, 3, and 4. Very few individuals have the 
severity of osteoarthritis to warrant a score of 3 in both the elbow and/or the shoulder.  
For the analysis of the sample versus osteoarthritis of the right and left glenoid it 
is hard to conclude anything from the information because the Indian Knoll sample size is 
so small (n=2). What we can be seen is that more than half the control sample (Terry 
collection) has either a score of 2 or 3 for the osteoarthritis of the scapular glenoid fossae. 
This may show that the use of the shoulder was often and continual, even after trauma, 
for this industrialized society. What was not expected is the lack of individuals in the 
Nutwood and Rosedale Mound sample lacking severe osteoarthritis of the shoulder. This 
finding rejects the original hypothesis because it is hypothesized that the females in the 
Nutwood and Rosedale Mound society would have more severe osteoarthritis of the 
shoulder due to the amount of activity and stress put on the joint during maize 
production. 
The ANCOVA results show that osteoarthritis of the right and left glenoid is not 
associated with any of the samples. This means that even with age taken into account, the 
feature does not tell us anything about the difference between the samples. Therefore, this 
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particular feature likely does not associate with a particular subsistence and should not be 
used as a marker for a specific activity.  
The results for the age versus features tests show that highest percentage of 
individuals have a score of 1 for the severity of porosity of the humeral olecranon fossa 
followed by a score of 2 and the most common level of severity of lipping of the humeral 
trochlea is score 0 followed by score 1. The combination of the porosity and lipping 
creates osteoarthritis of the elbow and the results show that more individuals have slight 
to moderate osteoarthritis. Specifically, age groups 2 and 3 have the most individuals 
with osteoarthritis, but the percentage drops in age group 4 which may show a decline in 
activity in the later years of life. The pattern also supports the idea that porosity is the 
first sign of osteoarthritis and therefore occurs before lipping (Jurmain 1977, Bridges 
1992, and Nagy 2000).  
The ANCOVA results show that the porosity of the right and left humeral 
olecranon fossae and the lipping of the right and left humeral trochleas are associated 
with both age and sample. This means that the features may indicate differences in 
activity based on the sample, and therefore based on the type of subsistence (i.e. hunting 
and gathering or agriculture) that population participated in. Unfortunately no conclusion 
can be made as to which sample the feature is associated which coincides with previous 
findings of Jurmain (1977), Buikstra et.al (1986), Bridges (1992), Larsen (1995), and 
Nagy (2000).  
The osteoarthritis of the tibia was recorded in the same fashion as the elbow with 
porosity and lipping separate. When looking at the both the porosity and lipping together 
the results show the highest number of individuals, no matter the age range, with either 
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no osteoarthritis (score 0) or slight osteoarthritis (score 1). For the osteoarthritis of the 
superior tibial condyles the most severe cases are seen in individuals in age groups 3 and 
4, which were expected seeing as osteoarthritis has such a strong correlation with age. 
Even though age was found to be significant for almost all the features the amount of 
variation that can be accounted for by age according to Cramer’s V was never more than 
40% leaving more than 60% of the variation unaccounted for. 
The ANCOVA results show that the porosity of the right and left tibial condyles 
and the lipping of the right and left tibial condyles to be associated with age which 
supports the findings of the chi square analysis. The ANCOVA did not find a significant 
correlation between the features and the samples. This shows that age is the only factor 
(that was tested) associated with the differences seen in the features and that the 
differences in activities between the samples is not accounted for by the features.   
 Most of the features were not found significant when the two sexes are compared, 
but when looking at the percentage data one can see that males have more slight (score 1) 
and moderate (score 2) osteoarthritis in the shoulder while both males and females are 
similarly distributed when it comes to the presence or absence of the supraglenoid 
articular facet of the scapula.  
Males and females seem to be similarly distributed in severity with most of the 
features except for the porosity of the olecranon where males show a large percentage of 
individuals with a score of 1 and the lipping of the trochlea where males show a large 
percentage of individuals with a score of 0. Contrary to the males the data shows that the 
females do not have a drastic drop in the percentage of individuals when going from a 
score of 1 to a score of 2 in fact the distribution is quite normal. This finding is 
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contradictory to Bridges (1992) who states that males in agricultural societies have more 
osteoarthritis than males in hunting and gathering societies. The current result may point 
towards continual use of the elbow and shoulder joint throughout life for females in such 
activities as food production where as males may have stopped using the joints at a 
certain age for this specific population. This could also be explained by preconditioning 
where young boys may have been trained at an early age to use their joints and 
surrounding muscles and therefore would be less likely to have microtrauma and 
eventually severe osteoarthritis (Hawkey and Merbs 1995).  
The porosity of the tibia shows that males have a higher percentage of individuals 
with none to slight severity and that there are more males with level 3 severity of the tibia 
in both porosity and lipping. This is expected because it is likely that males walked 
longer distances for food during both types of subsistence and were probably involved in 
more activities such as sports that involved the knee. From the analyses between the 
sexes it can be seen that more men have severe osteoarthritis in the knee, but they have 
less severe osteoarthritis in the shoulder and elbow which supports the hypothesis that 
females were using their shoulders and elbows more frequently than males.  
 In the crosstabulation and chi square analyses that compared the samples (i.e. 
Indian Knoll, Nutwood and Rosedale Mounds, and the Terry) versus each feature only 
the presence or absence of a supraglenoid articular facet, lipping of the humeral trochlea, 
and porosity of the left superior tibial condyles are found to be significantly correlated 
with a particular sample. Of the features that were not significant information from the 
raw data can still be inferred. These statistics only included females in order to compare 
and contrast distributions of the features between and within samples. It is assumed in 
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this research that if a feature is associated with a particular sample then it is also 
associated with the type of subsistence that group participated in. This is because the 
samples are separated by many aspects including subsistence along with time period and 
technology.  
 A feature that does support the hypothesis that females in an agricultural society 
put more stress on their elbows because of the type of subsistence activities and the 
amount of activity is the osteoarthritis of the elbow which includes the porosity of the 
humeral olecranon fossa and the lipping of the humeral trochlea. The data shows that a 
higher percentage of individuals from the Nutwood and Rosedale Mound sample have 
some degree of osteoarthritis in the elbow. This shows that the females of the maize 
society were putting more stress on the elbow probably due to maize production.  
On the contrary, the osteoarthritis of the tibia does not support the hypothesis 
because the hypothesis states that females in the Indian Knoll sample should have 
osteoarthritis evenly distributed over the body which would mean that there should be all 
levels of severity for the osteoarthritis of the tibia. Instead what we see from the data is 
that most individuals in all three samples have little to no osteoarthritis of the knee. This 
shows that in all three samples women were not putting stress on the knee joint which is 
what we expected to find for the Nutwood and Rosedale Mound sample but not for the 
Indian Knoll sample.  
 
Conclusion  
What we can conclude from this research is that age has a strong correlation with 
the severity and presence of osteoarthritis in all three samples. Sexual divisions of labor 
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and activity are present in all the samples. In particular, females in all three samples were 
using their shoulder and elbow more often than men in more physically stressful 
activities. When comparing the three samples (females only) only the scapular 
supraglenoid facet is significantly correlated with any of the samples. This suggests that 
none of the features are associated with subsistence except the supraglenoid articular 
facet. The scapular supraglenoid articular facet is associated with picking fruit (Capasso 
et.al, 1999) and this current research found that the presence of the feature is positively 
associated with the Indian Knoll sample (left side only) and the Nutwood and Rosedale 
Mound sample (both right and left sides). Also, like previous findings (Jurmain 1977, 
Buikstra et.al 1986, Bridges 1992, Larsen 1995, Hawkey and Merbs 1995, and Palfi and 
Dutour 1996) osteoarthritis does not have a strong correlation with specific subsistence 
activities and should not be used by itself to assess activity patterns.  
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